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1.1 Introduction

This Attachment has been prepared in support of an Application by Florence Coppert, Inc. (Florence Copper)
to the United States Environmental Protection Agency (USEPA) for issuance of an Underground Injection
Control Class III (Area) Permit (UIC Permit) for the planned Production Test Facility (PTF), to be located at
the Florence Copper Project (FCP) site in Pinal County, Arizona. Florence Copper is proposing to develop
the PTF in order to demonstrate the feasibility of operating an in-situ copper recovery (ISCR) facility at the
FCP site. The PTF will produce a limited amount of copper from a porphyry copper oxide deposit (oxide
zone) located beneath the FCP site. The PTF proposed by Florence Copper will consist of a closely spaced
array of Class III injection and recovery wells that will inject a dilute sulfuric acid based solution (lixiviant)
into the copper oxide deposit (oxide zone) and recover the resulting copper-bearing pregnant leach solution

(PLS).

Previous owners of the FCP site have included Continental Oil Company, Magma Copper Company, BHP
Copper Inc. (BHP Copper), and Florence Copper. These previous owners have conducted extensive and
thorough studies over a period spanning the last 40 years. Studies have included exploratory drilling and
testing, pilot-scale underground mining and copper production, ISCR pre-feasibility and feasibility studies,
and characterization of the FCP oxide zone and local aquifers.

In this Attachment, Florence Copper provides a summary of the formation testing work completed by others.
Given the extensive body of high quality characterization data produced at the FCP site, Florence Copper
does not propose to conduct new formation testing. Exhibit I-1 is a site characterization report prepared in
1996 in support of Aquifer Protection Permit (APP) and UIC Permit applications submitted at that time.

1.2 Background

In 1996, BHP Copper compiled data from studies conducted by BHP Copper and others from 1970 through
1995, in support of applications to the Arizona Department of Environmental Quality (ADEQ) for an
Aquifer Protection Program Permit (1996 Application), and to the USEPA for a UIC Permit. The studies
included extensive field investigations and laboratory studies for the purpose of characterizing the FCP oxide
zone, aquifers, formation fluids, and other aspects of the FCP site. The extent of the studies and analyses
conducted are listed in the next section and described in detail in Exhibit I-1.

In 1997, ADEQ and USEPA issued APP No. 101704 and UIC Permit No. AZ396000001, respectively,
authorizing BHP Copper to operate a commercial-scale copper recovery operation at the FCP site using the
ISCR method. In 1997 and 1998, and as required by USEPA in Part ILF.7 of UIC Permit
No. AZ396000001, BHP Copper conducted a short-term injection and recovery test to demonstrate that
hydraulic control could be maintained within the injection and recovery zone while fluids were being injected
and recovered during ISCR operations. The successful completion of the test was reported to ADEQ in a
letter dated April 6, 1998 (BHP Copper, 1998). Although fully permitted by ADEQ and USEPA, a
combination of financial considerations prevented BHP Copper from advancing the FCP to commercial-
scale copper production. The FCP was subsequently sold, and the UIC Permit transferred with amendments,
to the subsequent owner.

Beginning the fourth quarter of 1997, BHP Copper began quarterly and biennial water quality monitoring
programs in accordance with the requirements of the APP and the UIC Permit. Monitoring and quarterly
reporting have continued since that time, except for 2009 due to a previous owner’s financial difficulties.

No significant formation characterization activities have been conducted at the FCP site since successful
completion of the BHP Copper hydraulic control test completed in eatly 1998. Given the extensive dataset
generated by previous site owners, and the thorough nature of studies conducted previously at the site,

Florence Copper does not plan to conduct any additional formation or aquifer testing prior to construction of
the proposed PTF.
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1.3 Description of Formation Testing Program Conducted to Date

The methods and results of the formation testing program were compiled by BHP Copper in 1996
(Exhibit I-1). Because no additional significant formation characterization activities have been conducted
since 1996, Exhibit I-1 represents the most comprehensive collection of formation testing data available.
Exhibit I-1 was submitted by BHP Copper as Volume II — Site Characterization Report of their 1996
Application.

Specifically, the Site Characterization Report summarizes:

e A review of data from publicly available documents. This information includes professional journal
articles, government agency publications, Arizona Department of Water Resources (ADWR) well
records, and mapping of the regional bedrock.

e Documentation of communications with the Towns of Florence and Coolidge in regards to municipal
well locations, pumping rates, and water quality.

e A review of pumping records retained by the San Carlos Irrigation Project (SCIP) and San Carlos
Irrigation and Drainage District (SCIDD).

e An assessment of bedrock properties, including fracture frequency and otientation, based on lithologic
logs of approximately 700 core holes drilled at, or in the vicinity of, the FCP site.

e The drilling of 52 boreholes by mud rotary and reverse circulation methods to depths ranging from
approximately 240 to 1,580 feet below ground surface (bgs).

e The geophysical logging of about 16,340 linear feet of rotary boreholes utilizing nuclear, acoustic, and
electrical methods.

e The completion of 18 observation wells in six clusters in and around the designated oxide zone to
depths ranging from 240 to 1,580 feet bgs.

e Results from a monthly sampling and water quality testing program, including a total of 98 water quality
parameters measured.

e  Fourteen hydraulic packer tests conducted in open boreholes.
¢ Results from monthly water level measurements in approximately 110 wells.

e Results from 26 aquifer tests using 14 test wells and four observation well clusters, measuring up to
15 observation wells during drawdown and recovery of the principal well.

e Completion of a specialized subsurface sampling program to evaluate the ambient geochemical and
physical properties of the unsaturated zone.

e Completion of a geotechnical investigation of the foundation soils underlying the proposed surface
facilities, including selected facilities to be used for managing process solutions, sediments and water.

e Completion of an environmental site assessment of the existing facilities on the FCP site to evaluate the
presence of soil contaminants.

As described in Exhibit K-2 of this Application, prior to commencement of PTF operations, aquifer tests will
be conducted in order to evaluate subsurface characteristics of the Bedrock Oxide Unit, overlying basin fill
units, and the confining Middle Fine Grained Unit within the PTF Area of Review.

.4 Formation Characterization Data

I.4.1  Fluid Pressure Data

The proposed injection is to occur in the saturated oxide zone of the bedrock underlying the FCP site. This
bedrock oxide zone is in the upper part of the bedrock and consists of primarily Precambrian quartz
monzonite and Tertiary granodiorite porphyry. The upper portion of the bedrock oxide zone consists of a
weathered, rubbly mixture of fracture-filling minerals and angular bedrock fragments. Below this weathered
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zone, the oxide bedrock consists of extensively fractured quartz monzonite, granodiorite, and associated
dikes. Movement of groundwater through the bedrock oxide zone is largely controlled by secondary
permeability resulting from faults, fractures, and associated brecciation.

The bedrock oxide zone is in hydraulic communication with an overlying sedimentary deposit, the Lower
Basin Fill Unit (LBFU). Both the bedrock oxide zone and LBFU behave as confined to semi-confined
hydrostratigraphic units. Because of the confining to semi-confining conditions, fluid pressure within the
bedrock oxide zone is sufficient to create a piezometric surface that was measured in 2010 at elevations
between approximately 1,270 and 1,275 feet above mean sea level.

Potentiometric elevations observed in the bedrock oxide zone and other hydrostratigraphic units are
summarized in Section 4.3, and are shown on Figures 4.3-9(11) through 4.3-13 (1I) of Exhibit I-1.

1.4.2  Fracture Pressure Data

During 1995, BHP Copper conducted 14 hydraulic packer tests in open boreholes for the purpose of defining
the fracture gradient of undisturbed bedrock within the oxide zone. The methods and results of the core hole
packer testing are described in Sections 2.3.6 and 4.3.3.9, respectively, of Exhibit I-1. Fracture gradient
packer testing data are included in electronic format as Exhibit I-2.

1.4.3  Physical and Chemical Characteristics of Formation Fluids

Data describing the physical and chemical characteristics of formation fluids in the region and at the FCP site
are described in Sections 3.8 and 4.5 of Exhibit I-1, respectively.
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EXHIBIT I-1

Volume Il of January 1996 Aquifer Protection Permit Application
Site Characterization Report

-
<
L
=
-
O
o
(@
L
>
—
- -
O
o 4
<
<
o
Ll
2
=




VOLUME Il OF V

SITE CHARACTERIZATION
REPORT

US EPA ARCHIVE DOCUMENT

MAGMA FLORENCE IN-SITU PROJECT

JANUARY 1996

Prepared by: Brown and Caldwell
3636 North Central Avenue
Suite 300
Phoenix, Arizona 85012

Prepared for: Magma Copper Company
14605 East Hunt Highway
Florence, Arizona 85232 AND CALDWELL

LIBRARY

BROWN

BROWN anxpD CALDWELL

T2 20

I3



-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

VOLUME I

TABLE OF CONTENTS

SECTION 1.0 INTRODUCTION .. ... ... e 1-1
1.1 PURPOSE AND SCOPE . . ... .. 1-1
1.2 REPORT ORGANIZATION . ... ... e 1-4
1.3 PROJECT DESCRIPTION . ... .. . e 1-4
SECTION 2.0 METHODS OF INVESTIGATION . ... ... ... ... ... ... ... 2-1
2.1  INVESTIGATION RATIONALE .. ... ... ... .. . . 2-1
2.1.1 Vadose Zone Characterization . . ................c..vouuo.... 2-1

2.1.2  Groundwater Quality and Water Level Monitoring . .. ............. 2-2

2,13 Aquifer Testing . . .. .. ... . e 2-6

2.1.4 Hydraulic Corehole Testing . ...................... e 2-7

2.2  COLLECTION AND MANAGEMENT OF FIELD DATA ............... 2-7
2.3 INVESTIGATION DESIGN AND PROCEDURES . .................... 2-8
2.3.1 Vadose Zone Characterization . . . .. ...........c.ouvrvrnunun.. 2-8
2.3.1.1 DrillingMethods ............ ... ... ... ... ... 2-9

2.3.1.2 Soil Sampling Procedures . ......................... 2-9

2.3.1.3 Hydraulic Conductivity Testing . .................... 2-10

2.3.1.4 Laboratory Analyses . ... ......... .. .. ... 2-11

2.3.2  Monitor and Aquifer Test Well Installations ................... 2-12
2.3.2.1 Drilling and Well Installations .. .................... 2-13

2.3.2.2 Geophysical Logging .. ........ ... ... .. ... .. .... 2-15

2.3.23 Deviation SUrveys .. .. ... 2-16

2.32.4 Well Development ............. ... ..., 2-16

2.3.2.5 Dedicated Groundwater Sampling Pumps . . ... .......... 2-16

2.3.3 Water Level Measurements and Well Inventory . .. .............. 2-16
2.33.1 Field Procedures . ......... ... ... 2-17

2.3.3.2 Spatial and Temporal Distribution of Measurements . ...... 2-17

magma.flo\final app\volume.2\toc\010896\kw 1



VOLUME I1

TABLE OF CONTENTS - Continued

2.3.4 Groundwater Quality Monitoring .. ......................... 2-18
2341 FieldProcedures . ........... ... ... ... . . ... . ... 2-18
2342 Methodsof Analysis . ......... ... ... ... ... ....... 2-21
2.3.4.3 Quality Assurance/Quality Control . .................. 2-21
23.5 Aquifer Testing . . . ... ...t 2-22
2351 FieldProcedures . ............ .. ... .. .. .. .. ... ... 2-23
2.3.52 Methods of Analysis .. ........ ... ... ... 2-24
2.3.6  Hydraulic Corehole Testing . ................... ... ....... 2-26
h 23.6.1 FieldProcedures............ ... ... . ... 2-26
z 2.3.6.2 Methods of Analysis . ............. e 2-27
Ll SECTION 3.0 REGIONAL HYDROGEOLOGIC CONDITIONS ... ............. 3-1
3.1 REVIEW OF EXISTING INFORMATION .......................... 3-1
z 3.2  PHYSIOGRAPHY AND CLIMATE . ......... ... .. .. 3-3
. 3.2.1 Physiographic Setting . ......... .. .. .. ... 3-3
322 ClHmate .. ... i e e 3-3
(@ ) 33 SURFACE WATER HYDROLOGY .. ... .ooroeneo ) 3-4
o 3.3.1 General Watershed Conditions . . . ............... .. .......... 3-4
3.3.2 Surface Dischargesand Canals . ............................ 3-5
a "3.4  STRUCTURAL AND STRATIGRAPHIC SETTING . ................... 3-8
3.5 SUBSIDENCE AND SEISMICITY . . .. ... o e 3-12
(TN 3.5.1 Subsidence Potential .. ... ...t 3-12
> 3.5.1.1 Subsidence and Fissuring Due to
e Groundwater Withdrawal . .. ....... ... ... ... ...... 3-12
3.5.1.2 Potential for Subsidence Due to In-Situ
: Leaching Operations . .. ............cuuuitnennen... 3-14
U. 3.52 Regional Seismicity . .. .. ... ... 3-14
3.6 REGIONAL OCCURRENCE OF GROUNDWATER .................. 3-16
ﬂ 3.6.1 Description of Regional Groundwater System . ................. 3-16
< 362 Depthto WAter . . oot et e ettt e e 3-17
3.6.3 Regional Flow Direction and Gradient . ...................... 3-19
(a8
L
m Claybon iark
Walli
- A

magma.flo\final.app\volume.2\toc\010896\kw ii



VOLUME II

TABLE OF CONTENTS - Continued

3.6.4  Aquifer Recharge-Discharge Relationships .. .................. 3-20
3.7 REGIONAL AQUIFER CHARACTERISTICS ....................... 3-21
3.7.1 Upper Basin-Fill Unit (UBFU) .......... ... ... ... ... ....... 3-22
3.7.2 Middle Fine-Grained Unit (MFGU) ... ...................... 3-22
3.7.3 Lower Basin-Fill Unit (LBFU) ......... ... ... .. ... .. ...... 3-23
374 Bedrock Unit . ....... ... .. .. . . .. 3-23
3.8 GROUNDWATER QUALITY . ..ot e 3-24
3.8.1 Chemical Constituents Evaluated . .......................... 3-24
3.8.2  Descriptive Statistics . .. . . oo 3-24
h 3.8.3  Statistical Analyses for Sodium, Chloride, Sulfate,
z Total Dissolved Solids (TDS), and Nitrate . ................... 3-25
3.84 Cations and ANIONS . . . . v vttt e e 3-25
L 3.8.5 Spatial Distribution of Sulfate and Nitrate . .. . ... ........ ... ... 3-26
z 3.86  SUMMATY . . ..ottt e e 3-26
39 GROUNDWATERUSE ................... e 3-27
- | 3.9.1  Agricultural Withdrawals . . ... ..o\t 327
u 3.9.2 Community Drinking Water Systems . ....................... 3-28
3.9.2.1 Groundwater Withdrawals . ........................ 3-28
o 3922 Water Chemistry ...................c... ..., 3-28
a SECTION 4.0 IN-SITU MINE AREA HYDROGEOLOGIC CONDITIONS ........ 4-1
Ll 4.1  EXISTING FEATURES ... ... . e 4-1
4.1.1 General Surficial Conditions . .. .......... .. ... .. .. ... ...... 4-1
> 4.1.2 Conoco Pilot Mine and Underground Workings . ................. 4-1
= 4.1.3 Existing Exploratory Coreholes and Test Wells . ................. 4-4
: 4.1.4 Archeological Features . .. .......... ... ... .. ... .. .. ... 4-5
42  SURFACE WATER HYDROLOGY . ... .. i 4-6
U 42.1 Watershed Conditions . .......... ... ... ... 4-6
(a4 422 Canals ... 4-7
423 GilaRiver ... ... .. 4-7
< 4.2.4 100-Year Floodplain Delineation . ........................... 4-8
(a8
L
m, 25511
: Claybon Mark

magma.flo\final.app\volume.2\toc\010896\kw lll




VOLUME II

TABLE OF CONTENTS - Continued

43 LOCAL GEOLOGY AND HYDROGEOLOGY
4.3.1 Local Stratigraphic Conditions ............................. 4-9

4.3.2  Geohydrologic Characteristics of the Local Geologic Units ......... 4-10

4.3.2.1 Alluvium and Vadose Conditions . ................... 4-10

4.3.2.2 Upper Basin-Fill Unit (UBFU) ...................... 4-11

4.3.2.3 Middle Fine-Grained Unit (MFGU) .. ................. 4-12

4.3.2.4 Lower Basin-Fill Unit (LBFU) ...................... 4-12

4325 Oxide Bedrock Zone ............... ... ... ... .... 4-14

4.3.2.6 Sulfide Bedrock Zone ............................ 4-16

h 4.3.3 Local Groundwater Conditions . .. .. ... ... . . 4-16

z 4.3.3.1 Flow Within Upper Basin-Fill Unit (UBFU) ............. 4-16

4.3.3.2 Flow Behavior Associated with Middle Fine-Grained

L Units MFGU) .. ... .. .. . 4-17

z 4.3.3.3 Flow Within Lower Basin-Fill Unit (LBFU) ............. 4-17

4.3.3.4 Flow Within Oxide Bedrock Zone ................... 4-17

- 43.3.5 Flow Within Sulfide Bedrock Zone . . . . . . . . . S 418

u 43.3.6 Vertical Hydraulic Gradients ......... e 4-18

4.3.3.7 Seasonal Fluctuations . ........................... 4-18

o ‘ 4338 Recharge ... ..... ... . .. e 4-19

a 4.3.3.9 Hydraulic Corehole Testing Results . .. ................ 4-19

44  SOIL QUALITY .. .o e e e e e e e 4-20

L 4.5 GROUNDWATER QUALITY .. ... e e e 4-20

4.5.1 Water Quality in Upper Basin-Fill Unit (UBFU) ................ 4-21

> 4,52 Water Quality in Lower Basin-Fill Unit (LBFU) ................ 4-23

= 4.5.3 Water Quality in Oxide Bedrock Zone .................... ... 4-25

: 4.5.4 Water Quality in Sulfide Bedrock Zone . ..................... 4-25

4.5.5 Other Groundwater Samples . .. .. ......... ... ... 4-27

U 45,6 SUMMAIY . . .ottt ettt e e e e e 4-27

o 46  GROUNDWATER USE . ........ooiinirniiinaiaiaiaiai., 4-28
(a8
wl
7))
=

magma.flo\final app\volume.2\toc\010896\kw v




-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

VOLUME II

TABLE OF CONTENTS - Continued

47  WHOLE ROCK CHEMISTRY .. .. ... e, 4-28
4.7.1 Recent Alluvium and Upper Basin-Fill Units . . ................. 4-28
472 Lower Basin-Fill Unit ............ .. ... .. ... ... ... ....... 4-29
473 Bedrock Zones . .. ...... .. 4-29
SECTION 5.0 CONCEPTUAL HYDROGEOLOGIC SITEMODEL ............. 5-1
5.1  MODEL COMPONENTS . .. ... e e 5-1
5.1.1 Basin-Fill Deposits .. .. ....... ... 5-1
5.1.2  Crystalline Bedrock Complex . ......... ... .. ... ... ..., .... 5-2
52  THE ASSUMPTION OF EQUIVALENT POROUS MEDIUM . ............ 5-5
SECTION 6.0 REFERENCES . .. ... . . . . i 6-1
APPENDICES
APPENDIX A. CURRENT INVESTIGATION SUBSURFACE INFORMATION ... .. A-1

Monitor Well Boring and Well Completion Logs

Aquifer Test Well Boring and Well Completion Logs

Vadose Characterization Boring and Piezometer
Completion Logs

APPENDIX B. WATER LEVEL AND EXISTING WELL INFORMATION ........ B-1
Table B-1 Summary of Current Investigation Water Level Data
Table B-2 ~ Summary of Groundwater Level Data Acquired from
1993 to 1995
Table B-3 Summary of Existing Water Level Information from
Arizona Department of Water Resources (ADWR)
Table B-4 Summary of Information Concerning Existing Wells
Within One-Half Mile of the Florence In-Situ Mine Area
Table B-5 Summary of Information Concerning Existing Wells
Within 5 Miles of the Florence In-Situ Mine Area

magma.flo\final app\volume.2\toc\010896\kw v



VOLUME II

TABLE OF CONTENTS - Continued

Table B-6 Summary of Existing Florence In-Situ Mine Area
Magma Aquifer Test Wells

APPENDIX C. SUMMARY OF EXISTING REGIONAL GROUNDWATER QUALITY
AND STATISTICAL EVALUATION REPORT ................ C-1
Table C-1 Summary of Existing Regional Groundwater Quality
Data; Anions, Cations, and Miscellaneous Parameters
Table C-2 Summary of Existing Regional Groundwater Quality
Data; Trace Constituents and Radiological Parameters
STATISTICAL ANALYSIS OF EXISTING GROUNDWATER QUALITY DATA REPORT

APPENDIX D. STATISTICAL ANALYSIS OF BEDROCK
FRACTURE INTENSITY DISTRIBUTION REPORT BY .
APPLIED RESEARCH ASSOCIATES . . ....... ... ... ... .... D-1

APPENDIX E. CURRENT INVESTIGATION AQUIFER TEST
ANALYSIS INFORMATION .. ..... ... ... ... . ... E-1
Table E-1°  Summary of Aquifer Test Field Program
AQUIFER TEST CLUSTER DESCRIPTIONS
REPORT ON AQUIFER TEST ANALYSIS BY GOLDER ASSOCIATES
TEST EVALUATION RESULTS FOR SULFIDE MONITOR WELLS

APPENDIX F. VADOSE ZONE CHARACTERIZATION DATA . .............. F-1
PERMEABILITY TESTING REPORT BY AGRA E&E
PERCOLATION TESTS BY TERRACON
PHYSICAL TESTING LABORATORY REPORTS BY CORELABS

APPENDIX G. EXISTING IMPACTS TO SOIL QUALITY REPORT ............ G-1

-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

magma.flo\final app\volume.2\toc\010896\kw vi




US EPA ARCHIVE DOCUMENT

2.3-1

2.3-2
2.3-3
2.3-4
2.3-5
2.3-6

2.3-7

VOLUME 11

TABLE OF CONTENTS - Continued

LIST OF TABLES

Summary of Vadose Zone Characterization Borings and Piezometer
Construction Details . . ........ .. ...
Summary of Vadose Zone Investigation Laboratory Analysis Program ... .. ..
Summary of Well Completion Details .. ...........................
Summary of Monitor Well Pump Installation Data ... .................
Current Investigation Sampling Schedule . ..........................
Summary of Analytical Parameters Used to Monitor Ambient

Groundwater Quality . . . . ... .. ... . e
Summary of Current Aquifer and Corehole Hydraulic Conductivity

Testing Program . ... ........... S

Summary of Annual Surface Water Releases from Coolidge Dam

tothe Gila River . ... ... . . . . . . e
Annual Diversions from the Gila River at Ashurst-Hayden Dam

to San Carlos Irrigation and Drainage District Canals . . ... ..............
Summary of Water Level Declines and Rises, Florence Project Area ........
Summary of Regional Aquifer Test Data .. .........................
Summary of Groundwater Use Within a 5-Mile Radius

of the Florence In-Situ Mine Area .......... ... .. .. .. ...
San Carlos Irrigation and Drainage District, 1994 Monthly

Groundwater Pumped Within a 5-Mile Radius of the Florence In-Situ

Mine Area . . .. ..ot
Large Municipal Water Providers, Pinal AMA; 1985 .. .................
Summary of Analytical Results, Municipal Water Quality in

the Florence In-Suite Mine Area . .. ... ... ...

magma.flo\final app\volume.2\toc\0 1 0896\kw vii




-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

VOLUME II

TABLE OF CONTENTS - Continued

List of Tables (continued)

4.1-1 Summary of Recent Magma Corehole Data, Florence In-Situ

Mine Area . ... . .
4.2-1a Summary of Canal Water Quality Data, Common Ions and

Miscellaneous Parameters . ... ...... ... ... .. .. .. .. .. .
4.2-1b Summary of Canal Water Quality Data, Trace Metals .. ................
4.2-2  Summary of Design Discharge Criteria for the Gila River . ..............
4.3-1 Summary of Vadose Zone Hydraulic Conductivity Test Results . .. .........
4.3-2  Summary of Existing In-Situ Mine Area Aquifer Test Data ..............
4.3-3 Summary of Current Investigation In-Situ Mine Area Aquifer

Parameter Measurements. . . . . . .. ... e
4.3-4 Summary of Aquifer Parameter Measurements Related to Fracture

Intensity . .. ... e
4.5-1 Summary of Analytical Results - Common Ions and Miscellaneous

Parameters . . . .. ... e
4.5-2 Summary of Analytical Results - Trace Metals . ................... ...
4.5-3 Summary of Analytical Results - Organics . ........... ... ... ..........
4.5-4 Summary of Analytical Results - Radiochemicals .....................
4.5-5 Summary of Analytical Results - Sulfur Isotope Ratios .................
4.5-6 Summary of Analytical Results - Tritium Isotope .....................
4.6-1 Summary of Private Irrigation Groundwater Use Within 1 Mile of the

Proposed In-Situ Mine Area . . . ........ .. .. . . o
4.7-1 Summary of Geochemical Analysis Results . ............ ... ... .....

Claybon Mark

Wallis

magma.flo\final appvolume 2\toc010896\kw Viil




US EPA ARCHIVE DOCUMENT

1.1-1(ID)
1.1-2(I)

2.1-1(10)
2.1-2(1)

2.1-3(10)
2.2-1(11)

3.2-1(10)
3.2-2(10)
3.2-3(1D)
3.3-1(1T)
3.3-2(10)
3.3-3(1D)
3.4-1(11)
3.4-2(1D)
3.4-3(10)
3.4-4(1T)

3.4-5(IT)

3.4-6(11)
3.6-1(11)
3.6-2(1D)
3.6-3(11)
3.6-4(10)
3.6-5(11)
3.9-1(ID)
3.9-2(1T)

VOLUME 11

TABLE OF CONTENTS - Continued

LIST OF FIGURES

Location Map
Central Arizona Location Map

Vadose Characterization and Geotechnical Boring Locations

Locations of Wells and Selected Coreholes Within 1/2 Mile Area of the Proposed In-
Situ Mine Area

Groundwater Sampling Program Locations

Data Management and Analysis System Components

Major Physiographic Provinces of Arizona

Annual Precipitation - Florence, Arizona

Mean Monthly Precipitation; Florence, Arizona

Vicinity Map Showing the Locations of Surface Water Features
Annual Discharge; Gila River at Kelvin, Arizona ‘
Mean Daily Discharge Rate; Gila River at Kelvin, Arizona
Regional Geology Map

Regional East-West Cross Section A-A’

Regional North-South Cross Section B-B’

Central Arizona with Elevation of Top of Bedrock

Composite Stratigraphic Column Southwest Arizona

Structural Contour Surface at Top of Bedrock
Pre-Development Regional Groundwater Head Distribution (1900)
Regional Groundwater Head Distribution (1982 to 1985)
Regional Groundwater Head Distribution (1991 to 1992)

Water Level Hydrograph for Well PW-4

Water Level Hydrograph for Well BIA-9

Water Use for San Carlos Project; 1982 to 1992

Groundwater Pumped by San Carlos Project; 1982 to 1992

magma.flo\final.app\volume.2\toc\010996\kw ix



-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

VOLUME 11

TABLE OF CONTENTS - Continued

List of Figures (continued)

4.1-1(IT)
4.1-2(I1)
4.2-1(IT)

4.3-1(1D)
4.3-2(11)
4.3-3(1ID)
4.3-4(10)
4.3-5(11)
4.3-6(11)
4.3-7(11)
4.3-8(I1)
4.3-9(11)

4.3-10(I1)
4.3-11(1I0)

4.3-12(1T)
4.3-13(11)

4.3-14(11)
4.3-15(11)
4.5-1(1D)
4.5-2(11)
4.5-3(11)
4.5-4(10)
4.5-5(11)
4.5-6(11)

Existing Features of the In-Situ Mine Area

Plan View and Cross-Section of Underground Workings

Estimated Annual Streamflow of the Gila River Below
Ashurst-Hayden Dam (1929 to 1991)

Hydrogeologic Cross-Section C-C’

Hydrogeologic Cross-Section D-D’

Hydrogeologic Cross-Section E-E’

Hydrogeologic Cross-Section F-F’

Structural Contours on Top of the Upper Basin-Fill Unit

Structural Contours on Top of the Middle Fine-Grained Unit
Block Diagram of Proposed In-Situ Mine Area

Three Dimensional Depiction of Top of Oxide Bedrock Zone
Groundwater Potentials and Water Table Contours; Upper
Basin-Fill Unit :

Groundwater Potentials and Potentiometric Surface Contours
Lower Basin-Fill Unit ‘
Groundwater Potentials and Potentiometric Surface of Contours;
Oxide Bedrock Zone

Groundwater Potentials; Sulfide Bedrock Zone

Vertical Head Gradient Between the Lower Basin-Fill Unit and the
Oxide Bedrock Zone

Well Hydrographs: Upper and Lower Basin-Fill Units

Well Hydrographs: Oxide and Sulfide Bedrock Zones

Sulfate Distribution; in the Proposed In-Situ Mine Area, August 1995
TDS Distribution; in the Proposed In-Situ Mine Area, August 1995
Nitrate Distribution in the Proposed In-Situ Mine Area, August 1995
Piper Diagram: Upper Basin-Fill Unit

Sulfur Isotope Ratio of the Monitor Well Clusters

Trittum Concentration of Monitor Well Clusters

magma.flo\final.app\volume.2\toc\010896\kw X



VOLUME II

TABLE OF CONTENTS - Continued

List of Figures (continued)

4.5-7(I1) Piper Diagram: Lower Basin-Fill Unit

4.5-8(I) Cross-Section View Showing Distribution of SO,, NO,, HCO,,
and TDS in Cluster Monitoring Wells

4.5-9(I1) Piper Diagram: Oxide Bedrock Zone

4.5-10(I) Piper Diagram: Sulfide Bedrock Zone

4.5-11(I) Concentration versus Time Graphs for Project Monitor Wells

5.1-1(II) Oxide Bedrock Zone Geometry and Hydraulic Characteristics
5.1-2(II) Conceptual Hydrogeologic Components of Local Setting

LIST OF SHEETS
(In Map Pockets at End of Report Book 1)

1.2-1(I)  Florence Project Area Map Showing Surface Geology and Location
of Existing Wells and Other Regional Hydrogeological Features
1.2-2(II)  Florence In-Situ Mine Area Map

3.6-1(I) Regional Groundwater Potentials and Potentiometric Surface
Contours (November, 1995)

RALPH E.
WEEKS

US EPA ARCHIVE DOCUMENT

magma flo\final app\volume.2itoc\010996\kw X1



-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

SECTION 1.0

INTRODUCTION

This report presents the findings of a hydrogeologic investigation of the site of the proposed
Magma Copper Company (Magma) Florence in-situ copper leaching project. As shown on
Figures 1.1-1[II] and 1.1-2[II] (II indicates figures are part of Volume II), the project is located
in Pinal County, Arizona, approximately 2 miles northwest of the Town of Florence. This
investigation was designed to provide sufficient technical data and interpretations to support the
environmental permitting of the mining facility as required by the Arizona Aquifer Protection
Permit (APP) program promulgated by Title 49 of the Arizona Revised Statutes (ARS) and
Sections R18-9-101 through R18-9-203 of the Arizona Administrative Code (AAC). The
following is a more detailed description of the objectives and scope of the investigative process,
and the organization of this document.

1.1  PURPOSE AND SCOPE

Subsection C.1 of R18-9-108 of the AAC delineates the scope of the hydrogeologic study
required as part of an APP application. Twelve technical items are listed in Subsection C.1, of
which the first seven are addressed in this characterization report. The data presented herein have
then become the basis for a regional and site-specific analysis of groundwater flow and
contaminant transport as presented in Volume IV of the application. The content of Volume IV
on groundwater modeling addresses the remaining items listed in Subsection C.1.

" As mandated by regulation, the objectives of this study and of the analytical efforts that are

supported by this site characterization are to define the discharge impact area (DIA) for the
Magma Florence facility. This analytical process is designed to assure that the operation will not
cause or contribute to a violation of Arizona Aquifer Water Quality Standards (AWQS) at the
point(s) of compliance (POCs). Types of data acquired and analyzed, and the methods of data
acquisition, have been tailored to define the hydrogeologic properties of the study area to a
degree sufficient to demonstrate that the proposed operation will not adversely impact
groundwater quality. The level of investigation associated with this study provides a sufficient
hydrogeologic characterization of the area by incorporating a substantial amount of existing
subsurface information with data collected specifically for this project.

This portion of the APP application is designed to provide an overview of the investigative
methods used, the data acquired, and qualitative and quantitative findings and interpretations of
the regional and local hydrogeologic conditions. The conceptual hydrogeologic model derived
from this effort then served as the framework for subsequent simulations of groundwater flow
behavior and solute transport under proposed operational and post-operational conditions.

As paraphrased from Subsection C.1 of AAC R18-9-108, the following are those portions of the

required content of the APP hydrogeologic study that are provided in this document, with
appropriate references to supporting information in other segments of the application:

magma.flo\final app\volume.2\section.11010696\kw 1-1



. description of the surface and subsurface geology;

. location of perennial or ephemeral surface water bodies;

. characteristics of aquifer and geologic units with limited permeability;
. rates, volumes, and directions of surface water and groundwater flow;
. the location of the 100-year floodplain;

o existing aquifer water quality; and

o - extent and degree of known soil contamination.

This information is combined with an assessment of the properties of the local, shallow soil
profile, an evaluation of geologic hazards, a summary of regional groundwater usage, and a
comprehensive analysis of the geochemical properties of the rock types of the Magma Florence
oxide ore body and the overlying sedimentary units.

To satisfy the technical objectives of this appraisal, the following investigative activities were

performed:

. A review and incorporation of data from published documents available to the
public. This information included professional journal articles, governmental
agency publications, Arizona Department of Water Resources (ADWR) well
records, and mapping of the regional bedrock.

° Communications with representatives of the Towns of Florence and Coolidge in
regards to pumping rates, water quality, and municipal well locations.

e A review of pumping records retained by the San Carlos Irrigation Project (SCIP)
and San Carlos Irrigation and Drainage District (SCIDD).

. An assessment of bedrock properties, including fracture frequency and orientation
based on lithologic logs of approximately 700 coreholes drilled into, or in the
vicinity of the Magma Florence copper oxide ore body.

o The drilling of 52 boreholes by mud rotary and reverse circulation methods to

depths ranging from approximately 240 to 1,580 feet.

o The geophysical logging of about 16,340 linear feet of rotary boreholes utilizing
nuclear, acoustic, and electrical methods.

. The completion of 18 monitor wells in 6 clusters in and around the designated ore
body to depths ranging from 240 to 1,580 feet.

. Monthly sampling and water quality testing program, with 4 rounds of sampling
now complete and a total of 98 water quality parameters measured.

. The performance of 14 corehole hydraulic tests in open boreholes.
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. Monthly water level measurements in approximately 110 wells.
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° The performance of 26 aquifer tests utilizing 14 aquifer test and 4 monitor well
clusters, measuring up to 15 observation wells during drawdown and recovery of
the principal well.

o The completion of a specialized subsurface sampling program to evaluate the
ambient geochemical and physical properties of the unsaturated zone.

° The completion of a geotechnical investigation of the foundation soils underlying
the proposed surface facilities, including selected discharging facilities.

. The completion of an environmental site assessment of the existing mining
facilities to evaluate the presence of soil contaminants.

A comprehensive analysis of the ambient geochemical properties of the regional bedrock units
is presented in Volume IV of this application, with associated solute transport modeling presented
in that document. Laboratory reports of groundwater quality and associated quality
assurance/quality control (QA/QC) documentation are presented in Volume III of this application,
with the interpretation of these results presented in Section 4.0 of Volume II.

In addition to the enabling legislation and its associated rulemaking, other state regulatory
guidance manuals and federal documentation were utilized during the course of this investigative
process. The manuals included three documents prepared by the Arizona Department of
Environmental Quality (ADEQ), with federal guidance in the form of regulatory language and

-one guidance document. These items are as follows:

. Aquifer Protection Permit Guidance Manual (ADEQ, 1991);

o Arizona Mining Best Available Demonstrated Control Technology (BADCT)
Guidance Manual - Preliminary Draft (ADEQ, 1995);

. ADEQ Quality Assurance Project Plan (ADEQ, 1991);

o U.S. Code of Federal Regulation (CFR) for Underground Injection Control (UIC);
40 CFR Chapter 1, Parts 144 through 146;

. Federal Safe Drinking Water Act of 1974; and

. EPA Aquifer Exemption Guidelines.
In completing the study, those cdmments received from the ADEQ (ADEQ, 1995a, 1995b) and
the EPA (EPA, 1995) have been considered. Adjustments to the investigative process have

occurred as a result of the project team’s interaction with agency representatives, project meetings
and written correspondence.
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1.2 REPORT ORGANIZATION

This volume of the APP application is compiled in a fashion that allows its review largely
independent of other portions of the application. However, reference is made to other volumes
to provide the reader with additional guidance. The information contained herein begins with a
summary of investigative methods, followed by a description of the hydrogeologic conditions of
the region and the local proposed in-situ mine area. Supporting data and supplemental reports
are presented in appendices at the end of the report text, along with sheets referenced in the
report. Tables and figures referenced in the text are presented at the end of each chapter in the
sequence found in the report text. As applicable, comments received from ADEQ and EPA
representatives are referenced in the text.

The following are three key maps used in this report to depict the general features of the
proposed project area:

° A regional location map showing the geography of central Arizona (Figure
1.1-2[11)).
o A map showing a 100-square mile (approximately 10 miles by 10 miles) Florence

Project Area which is coincidental with the groundwater flow and solute transport
model domain (Sheet 1.2-1[I1]).

. A map showing the proposed in-situ mine area (approximately 1.5 miles by 1
mile) and immediate vicinity (also referred to as the mine property) (Sheet
1.2-2[II]). This sheet also depicts other surface features and the location of
borings and wells installed as part of this investigation.

1.3 PROJECT DESCRIPTION

The proposed Magma Florence Project involves the recovery of copper reserves from the oxide
portion of a porphyry ore body (Nason and others, 1982). In-situ leaching is the the preferred
technology for development, based on investigations conducted by Magma and others, including
a pre-feasibility study (Magma, 1994). The in-situ leaching mining method involves the injection
of a solution consisting primarily of a weak solution of sulfuric acid and water into the oxide
bedrock zone approximately 500 to 1,200 feet below ground surface (bgs). The ensuing copper
rich solution is then retrieved, and copper cathode and other copper metal products are produced
using solvent extraction and electrowinning (SX/EW) processes. The total projected area of the
proposed mining operations, including the in-situ leach production field and surface extraction
facilities, is approximately 450 acres, approximately 213 of which are a part of the proposed in-
situ leaching area.

An exhaustive description of the proposed in-situ operation is presented in Volumes I and V of
this application. The conceptual design and siting of these facilities was fully considered in
developing and executing the scope of investigative tasks outlined herein. Each action was
critiqued as to its usefulness in evaluating and demonstrating the environmental compatibility of
the proposed operation.
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Figure 1.1-1 (II)
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SECTION 2.0
METHODS OF INVESTIGATION
The following subsections summarize the investigative methods used to acquire field data, and
the compilation, analysis, and interpretation techniques utilized to evaluate that data. The
rationale and ultimate selection of appropriate methods of data acquisition and manipulation has
been an interactive and flexible process. The expression of this process is a series of work plans,
interspersed with agency comments and suggestions. The content of each of the work plans
previously submitted to the Arizona Department of Environmental Quality (ADEQ) and the
Environmental Protection Agency (EPA) is hereby incorporated into this application by reference.

The various work plans, agency comment letters, and responses to those comments are as follows:

. Aquifer Protection Permit (APP) Application Work Plan (Brown and Caldwell
[BC], 1995a). :

. ADEQ comments on the APP Application Work Plan and other submittals
(ADEQ, 1995a).

. Response to ADEQ Work Plan comments (BC, 1995¢).

° Groundwater Sampling and Analysis Plan (BC, 1995b).

. Corehole Abandoﬁment Work Plan (BC, 1995c).

° Vadose Zone Sampling and Analysis Plan (BC, 1995d)

. ADEQ comments on various technical submittals (ADEQ, 1995b).

. EPA comments on the Groundwater Sampling and Analysis Plan (USEPA, 1995).

. Response to ADEQ comments on various technical submittals (BC, 1995f).
. Response to EPA comments on the Groundwater Sampling and Analysis Plan (BC,
1995g).
2.1 INVESTIGATION RATIONALE

This subsection presents a detailed discussion of the rationale utilized to design and execute the
various components of the process. Details relevant to investigation methods used are presented
in Section 2.3.

2.1.1 Vadose Zone Characterization

Characterization of the shallow subsurface beneath the in-situ mine area involved the following
investigations:

magma.flo\final.app\volume 2\section 21010696\kw 2-1
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. A baseline characterization of the unsaturated profile as support to the
environmental permit applications for the project. Rationale for this element is
included in this section.

e Investigations assessing any existing impacts to soil quality. Rationale for this
element is included in Appendix G of this volume of the application.

. Geotechnical investigations to support design of proposed project surface facilities.
Rationale for this element is included in Appendix C of Volume V of the
application.

The purpose of the baseline vadose zone investigation was to characterize the soils between the
land surface and the water table in sufficient detail to establish baseline conditions (geochemistry,
attenuation characteristics, physical and lithologic properties). Emphasis was placed on fine-
grained deposits in the vadose zone which generally exhibit, to a greater extent, hydraulic
conductivity and chemical attenuation properties which are important in retarding pollutant
migration. Results of the baseline vadose zone investigation also influenced the selection of
control technologies for the surface facilities and the in-situ well field. Vadose investigation
borings and wells were located to avoid surface archeological features. The locations of baseline
and geotechnical vadose data acquisitions are shown on Figure 2.1-1[II].

The initial element of the baseline vadose zone investigation consisted of advancing 4 borings
equally distributed across the proposed in-situ mine area to evaluate general subsurface
conditions, including the character and lateral continuity of representative soil types. Where
possible, borings were located to coincide with the proposed locations of key surface and well
field facility components, including the proposed evaporation pond, the in-situ tank farm, the
pipeline channel corridor from the new processing facility to the in-situ tank farm, and the in-situ
leaching area.

The initial borings were advanced to a depth of approximately 95 feet (water level data obtained
in the area indicates that the minimum depth to water is 100 feet). Subsequent to the evaluation
of data obtained from the initial 4 boreholes, additional borings were advanced in areas to further
define the lateral and vertical continuity of subsurface materials.

The number and location of field and laboratory hydraulic conductivity tests performed during
the baseline vadose investigation were selected based on soil characterization data. Test locations
and subsurface intervals were chosen to represent the major soil types, with an emphasis on fine-
grained materials. Temporary piezometers (permeameters) constructed with 2-inch diameter
polyvinyl chloride (PVC) were installed in 4 borings (see Figure 2.1-1[II]). The piezometers
were screened at various depths to conduct field hydraulic conductivity tests. A summary of
boring and piezometer information for the baseline vadose zone investigation is presented in
Table 2.3-1. Lithologic logs and piezometer construction details are presented in Appendix A.

2.1.2 Groundwater Quality and Water Level Monitoring

The primary objective of the groundwater quality sampling and monitoring program was to obtain
hydraulic head distribution and baseline groundwater quality data to support the permitting effort.
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This effort was designed to detect both the spatial and temporal variations in head distribution
and water quality. The data gathered as part of this investigation were used for the following
purposes:

. To provide a basis for simulating and subsequently monitoring the effects of the
proposed mine operations on the physical and chemical behavior of the regional
and local groundwater systems.

° To identify areas with anomalous conditions, where adjustments to the
groundwater monitoring program or facility design would ensure adequate
coverage and/or selection of appropriate control technologies.

Water levels were measured using an electric sounder or pressure/transducer with a data logger.
Water levels were obtained as part of the well inventory, groundwater sampling, monitor well
construction, water level monitoring, and aquifer testing activities. Resulting data were used with
existing groundwater level data to construct water level contour maps for the hydrogeologic units
of interest. These maps were then used in the interpretation of groundwater conditions and
delineation of hydrogeologic units associated with the proposed in-situ mine area. These data
were also used for analyses associated with groundwater flow and transport simulations, and for
other assessments related to the design of the in-situ leaching operation.

Water level measurements were taken on regional and local scales in order to construct a water
elevation contour maps. These maps were then used in developing a regional conceptual

‘groundwater flow model and performing groundwater flow simulations. Approximately 60 wells

in a 10-mile by 10-mile Florence Project Area were selected for water level measurement based
on accessibility and spatial distribution. Monthly water level measurements obtained from
selected wells in the Florence Project Area were combined with measurements from wells and
the wells installed by Brown and Caldwell in the 1.5 mile by 1 mile proposed in-situ mine area
to assess the impact of groundwater pumping and seasonal fluctuations.

Wells used for water level measurements, in addition to other existing wells, are shown on Sheets
1.2-1[I1] and 1.2-2[I1], and Figures 2.1-2[II]. Water levels obtained during this investigation are
presented in Table B-1 in Appendix B. Existing water level data for the Florence Project Area
are presented in Tables B-2 and B-3 in Appendix B.

Groundwater quality sampling and analyses were performed during this investigation to
characterize the hydrogeologic regime to the degree necessary to characterize baseline conditions.
The following criteria was used to evaluate the locations for groundwater quality sampling:

. To utilize existing wells as much as possible for providing representative single
or multiple aquifer groundwater samples. Only wells with known construction
details were considered.

. To provide sufficient data to characterize groundwater conditions hydraulically
upgradient and downgradient of the proposed in-situ mine area, with more
emphasis on the downgradient direction between the mine property and any
domestic or municipal groundwater withdrawal areas.
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. To provide sufficient data to characterize groundwater conditions spatially across
the proposed in-situ mine area.

° To provide sufficient data to characterize groundwater in the 4 identified
hydrogeologic units, with emphasis on the oxide bedrock zone and the overlying
basin-fill units.

. To avoid surface archeological features.
o To incorporate potential points of compliance (POC) associated with the APP.
° To provide data for both baseline conditions and initial characterization efforts.

Based on the criteria listed above, a groundwater quality sampling program was implemented
which included monitor, aquifer test and existing wells. Results of initial sampling efforts during
the investigation were used to adjust the program as necessary. Decisions regarding sample
locations, sample frequency and the selection of chemical parameters were based on factors which
included the following:

. Possibly omitting a sample location during a given sampling event if it was
impractical to operate the well.

. Possibly omitting a sampling location if it provided redundant data. Sample
locations could also be added to the program if data gaps become apparent.

. Possibly reducing, increasing, or otherwise changing the amount, or kinds of,
chemical parameters in the laboratory testing program based on observations of
consistently low or high concentrations of indicator constituents, such as sulfate
and bicarbonate.

Figure 2.1-3[II] depicts the locations of wells included in the groundwater sampling program
based on the criteria presented above. The monitoring program utilizes the groups of wells listed
below.

Monitor Wells M-1 through M-18

These wells were installed as part of this investigation in 6 clusters consisting of 2 or 4 wells to
provide sampling points in different aquifer components at 1 location. This provides a comparison
of chemistry and head distribution at discrete elevations, as well as providing a spatial comparison
between clusters. The well clusters were located to provide spatial coverage across the proposed
in-situ mine area (in association with existing wells) with emphasis on areas upgradient and
downgradient of the mine property.

The 3 well clusters, consisting of 4 wells each, were located sub-parallel to the groundwater

gradient across the area (to the north-northwest). These well clusters were installed to monitor
local groundwater conditions in 4 hydrogeologic units.
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The monitor wells constructed to observe aquifer conditions in the basin-fill deposits were
designed to characterize groundwater near the lower basin-fill/oxide bedrock contact and
somewhat above this contact. The purpose for monitoring this interval of the hydrogeologic
section is to provide baseline information on that segment of the local aquifer most susceptible
to an excursion of process solution from the injection-recovery operation within the oxide
bedrock. Because the top of the oxide bedrock occurs at variable elevations across the proposed
in-situ mine area, the screened intervals of the GU and GL monitor wells do not necessarily
correspond to the upper and lower basin-fill depositional units described in Sections 3.0 and 4.0.
The GU and GL screened intervals vary in elevation and rock/soil type in different areas across
the proposed in-situ mine area.

Aquifer Test Wells

Four aquifer test wells installed as part of the current investigation were included in the
groundwater sampling program. Referring to Figure 2.1-3[II], these sampling points consist of
the following wells in 2 aquifer test well clusters located in the north (cluster 8) and east (cluster
28) portions of the proposed in-situ mine area:

° P8-GU screened in the upper basin-fill;
o P8.1-O and P28.1-O screened in the oxide bedrock zone; and -
o P28-GL screened in the lower basin-fill.

The aquifer test wells are discussed in more detail in Section 2.1.3. All 4 aquifer test wells are
scheduled to be sampled on at least two occasions for groundwater characterization purposes.

Existing Wells

Five existing wells shown on Figure 2.1-3[II] were included in the current groundwater sampling
program. These wells were selected because their construction was known and their locations
contribute to a representative spatial distribution across the proposed in-situ mine area. The
sample points consist of the following:

. England No. 3: An irrigation well which is screened in the basin-fill and oxide
bedrock aquifer components.

. Magma water supply No. 1: Used for non-potable purposes, screened in the basin-
fill and oxide bedrock aquifer components. Samples are retrieved from this source
through a water storage tank.

. BIA-10B and WW-3: Irrigation wells which are screened in the basin-fill and
oxide bedrock aquifer components.

° BIA-9: An irrigation well which is screened in the basin-fill aquifer component.

All 5 existing wells are scheduled to be sampled on at least two occasions for groundwater
characterization purposes.
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Well installation activities, laboratory analyses and sampling schedule are discussed in Sections
2.3.2 and 2.3.4, respectively. Both the analytes tested and decisions regarding the sequence of
sampling were dictated by the objective of achieving adequate spatial coverage and baseline water
quality characterization.

2.1.3 Aquifer Testing
The objectives of the aquifer testing program were as follows:

o To characterize the hydrogeologic properties of the 4 hydrogeologic units
identified in the proposed in-situ mine area.

° To evaluate more specifically the hydraulic characteristics in areas where the
potential for lateral and vertical movement of mine solutions may exist.

° To provide aquifer parameters for use in groundwater flow simulations and process
optimization during in-situ leaching operations.

Factors that influenced the selection of specific aquifer test locations and subsurface test intervals
were formulated on the basis of a review of existing hydrogeologic information, and included the
following: _

e To evaluate areas susceptible to potential excursion, particularly areas hydraulically
downgradient from the proposed in-situ mine area at the northern and western
edges of the property.

. To evaluate the distribution of hydraulic properties across the proposed in-situ
mine area and surrounding areas in the basin-fill deposits, and the oxide and
sulfide bedrock zones. Of particular interest is the extent to which the oxide
bedrock zone (the zone to be mined using leaching techniques) exhibits isotropic
characteristics.

. To evaluate the degree of hydraulic connection existing between the Upper Basin-
Fill Unit (UBFU), the Lower Basin-Fill Unit (LBFU), the oxide bedrock zone, and
the sulfide bedrock zone.

. To evaluate the influence geologic structures have on the hydrogeologic regime
of the area.

A substantial amount of existing subsurface data from exploratory coreholes were used in
conjunction with data generated as part of this investigation. These data were used to select
aquifer test locations that are representative of various hydrogeologic conditions within the oxide
bedrock zone. Fracture intensity data of the oxide and sulfide bedrock zones derived from
previous exploration activities was included in this assessment. These data were statistically
evaluated as part of this investigation by Applied Research Associates (ARA) of Albuquerque,
New Mexico. The results of ARA’s analysis is presented in Volume II, Appendix D.
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Locations of aquifer tests were selected to represent typical fracture conditions that will to be
encountered during mining. Based on ARA’s study, aquifer test clusters were located to be
representative of a group of mine blocks with similar fracture distribution. Aquifer test clusters
were located to complement other test locations, and to provide new information relating to
structure and the degree of interconnection between aquifer components. All aquifer test clusters
were located to avoid surface archeological features.

During this investigation, a total of 34 wells were installed for aquifer testing. Combined with
existing wells in the proposed in-situ mine area, a total of 10 aquifer test clusters were utilized.
These wells are depicted on Sheet 1.2-2[II] and Figure 2.1-2[II], along with the existing wells.
Aquifer testing was also performed using selected monitor well clusters in and around the
proposed in-situ mine area.

In addition to aquifer tests performed using the aquifer test and monitor well clusters, 2 regional
aquifer tests were performed using existing irrigation wells WW-3 and BIA-9 (see Figure 2.1-
2[1I]). These tests were performed using the relatively high discharge of the 2 irrigation wells,
with groundwater levels measured at 15 locations surrounding the wells that were pumping. The
results of these tests were used to evaluate the more regional effects of aquifer pumping, and to
form a basis for removing the effects of the irrigation wells when they operated during other
aquifer tests.

2.14 Hydraulic Corehole Testing

A hydraulic corehole tesfing program was conducted to evaluate the characteristics of the oxide
bedrock zone to supplement test data obtained from the aquifer testing program. The
investigative goals included the following:

o Measure the hydraulic properties of the representative lithologic units in key areas
to complement the existing database.

o Estimate the hydraulic fracture gradient values.

° Approximate the hydraulic conductivity values of specific fracture conditions
within the oxide bedrock. ’

Slug tests were performed in selected corehole intervals to estimate hydraulic conductivity prior
to performing the fracture gradient tests. The test parameters included injection rates and
pressures. Corehole locations were chosen by Magma based on an evaluation of existing
subsurface information in areas representative of the lithologic and structural conditions typical
of the ore body.

2.2 COLLECTION AND MANAGEMENT OF FIELD DATA
A data management plan was developed specifically for this project to ensure that the extensive
amounts of engineering, geological and hydrogeological data acquired were properly verified and

stored for future access. This section describes the type and amount of data collected, the initial
format of the data, data quality assurance/quality control (QA/QC) protocols, information goals
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and data storage procedures. Users of the data management plan include Magma, Brown and
Caldwell and others involved with the completion of the environmental permit support
investigations. '

Purposes of the data management plan include: (1) to ensure that the necessary information is
collected; (2) to provide a means of communication between individuals involved in the project;
(3) to optimize time spent on data management; and (4) to ensure that different types of data can
be combined to meet information goals.

As shown on Figure 2.2-1[1I], the data management and analysis system consists of a number of
components, including statistics, graphical data analysis and data presentation modules. All
modules are accessible from a central database (Microsoft ACCESS).

Two types of QA/QC, technical and accuracy, are performed on all data types. Technical QA
consists of a review to ensure that data is consistent, both with expectations and with other data.
Accuracy QA is a review to ensure that the data are transferred correctly from the raw data
format into the data management and analysis system. Generalized procedures for lithologic,
water quality, aquifer test, packer test and other data sets include the following elements:

. Manual measurements are obtained, when possible, to verify data collected on data
loggers.

. Field data hard copies are generated and reviewed by qualified personnel.

¢ ' Field data are compiled, edited and summarized. Hard copies are then signed,

dated and stored.

. Electronic copies of the data are used for input into the database system, and
subsequently verified.

. Any unusual findings are identified and discussed with the appropriate parties.
Further discussions of QA protocols concerning groundwater quality sampling are presented in
Volume III of this application. Further details concerning data management are presented in the
project-specific Data Management Plan (BC, 1995h).

2.3 INVESTIGATION DESIGN AND PROCEDURES

This section describes the design of the field investigation, including scope of work, and field and
laboratory procedures, where appropriate.

23.1 Vadose Zone Characterization

As discussed in Section 2.1.1, the following aspects of the vadose zone in the proposed in-situ
mine area were investigated: (1) the general physical and chemical baseline conditions; (2) the
geotechnical conditions; and (3) the soil quality. This section addresses the general baseline

characterization. Potential soil quality impacts are discussed in Section 4.4.2 and Appendix G
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of this volume, and the geotechnical results are presented and discussed in Volume V of this
application. Geochemical discussions relative to vadose zone baseline conditions are presented
in Volume IV of this application.

The vadose zone baseline characterization investigation was conducted in September and October
1995. The vadose zone baseline field work included advancing a total of eight soil borings.
Piezometers (permeameters) P1-80, P2-90, P3-60, and P4-40 were installed in 4 of the borings
in order to conduct field hydraulic conductivity tests. A summary of vadose characterization
boring and piezometer construction details is presented in Table 2.3-1. Locations of vadose zone
baseline and geotechnical borings are illustrated on Figure 2.1-1[II]. Vadose characterization
boring logs and piezometer construction details are presented in Appendix A.

23.1.1 Drilling Methods

Percussion hammer drilling techniques were employed to advance borings for soil sampling and
hydraulic conductivity testing. A Becker AP-1000 dual-tube percussion hammer drilling rig was
used to advance borings to a maximum depth of 95 feet below ground surface (bgs). Piezometer
construction details are presented in Table 2.3-1.

The borings were advanced using 10-inch outside diameter, dual-tube drill pipe driven into the
subsurface with a hydraulic hammer. The pipe was marked every foot to measure rate of
penetration. The rate of penetration was recorded on the boring log as hammer blows per foot
(usually at 1-foot intervals). The boring cuttings were brought to the surface by a pressurized
pipe and discharged to a cyclone next to the rig. The cuttings were used to backfill the borehole
in cases where a piezometer was not installed. If water was encountered, the hole was backfilled
with bentonite grout, followed by a Portland cement cap.

2.3.1.2 Soil Sampling Procedures

Soil samples were collected from the vadose zone borings at depths ranging from ground surface
to 95 feet bgs. Soil samples were collected at depths of 2 feet bgs and at 5-foot intervals
beginning at 5 feet bgs to the total depth of each soil boring. Four soil borings, B1, B2, B3, and
B4 were advanced to a maximum depth of 95 feet bgs. The borings for piezometers P3-60 and
P4-40 were not sampled as they were installed approximately 10 feet from B3 and B4,
respectively.

Soil Sampling Equipment:

. The soil samples were collected using a California-modified, split-spoon 2.5-inch
diameter sampler that was 18 inches in length.

. Sample rings were 2.5 inches in diameter and 6 inches in length, and were
constructed of brass.

magma.flo\final. app\volume.2\section.2\010696\kw 2-9



-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

Soil Sampling Procedures:

2.3.1.3

The clean sampler was opened and clean sample collection rings and sand retainer
were inserted.

The sampler was closed and the end cap and drive shoe were hand tightened. No
grease was used on the end cap or drive shoe threads.

The clean, loaded sampler was attached to the downhole 140-pound sample
hammer, and lowered into the boring.

The sampler was driven ahead of the bit into undisturbed soil using a standard
140-pound weight that was allowed to drop 30 inches per blow.

The number of blows required to drive the sampler 18 inches past the end of the
drill bit was recorded on the boring logs.

The sampler was then retrieved from the borehole, removed from the hammer, and
opened.

Teflon sheets were placed over the 2 exposed ends of the middle sample ring.
Plastic endcaps were placed over the Teflon sheets. The sample was labeled,
placed in a zip-lock bag and stored in a cooler maintained at approximately 4
degrees Celsius.

To detect any potential volatile organic presence in the soil samples in the field,
a portion of the sample was placed in a zip-lock bag and the bag was sealed. The
sample was allowed to be heated by the sun for a few minutes to allow any
volatile substances in the soil sample to volatilize. The presence of volatile
organics was measured by placing the probe of an Organic Vapor Analyzer (OVA)
into the bag. The OVA reading was recorded on the boring log.

A soil sample was collected from the drive shoe, and described on the lithologic
log form using American Society for Testing and Materials (ASTM) Methods D-
1452, D-2487, and D-2488.

Hydraulic Conductivity Testing

Each of the 4 vadose zone piezometers (permeameters) listed in Table 2.3-1 was constructed
using 2 3/8-inch (outside diameter) Schedule 80 PVC pipe, with a 10-foot screened section at the
indicated depth interval in each boring. A filter pack consisting of No. 69 Colorado silica sand
was installed to a depth of 5 feet above the top of the screen. One 100-pound bag of No. 30
silica sand (approximately 3 feet of annular length) was installed on top of the No. 6 - No. 9
mesh sand. Bentonite grout was installed to within 1 to 2 feet of the surface, followed by a
Portland cement cap.

magma.flo\final.app\volume.2\section.2\010696\kw 2-10
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In October 1995, soil hydraulic conductivity tests were conducted in the piezometers
(permeometers) installed during this investigation. The field permeability tests were performed
in accordance with U.S. Bureau of Reclamation E-18 test methods, (Bureau of Reclamation
[BOR], 1974). Hydraulic conductivity values were calculated using Method E-18 (BOR, 1974)
and procedures described in Lamb and Whitman (1969). This test method assumes saturated
conditions while testing, therefore pre-wetting was performed prior to conducting each of the
tests. The tests were performed using constant head conditions.

Each field piezometer installation was pre-soaked for 24 to 48 hours prior to testing by filling
the casings with water from a truck-mounted 1,000-gallon water tank. The piezometers were
filled by pumping the water with a centrifugal pump until all air inside the casing was expelled
and water spilled over the top of the casing. A flow meter pressure gauge and an air escape
valve were connected to the top of the field piezometers using a well head attachment. A hose
was connected from the attachment to the centrifugal pump and a hose was connected from the
pump to the water tank. The water was pumped into the piezometer with the air escape valve
opened until all air was expelled from the system. The air escape valve was closed, pressurizing
the well. The pump rate was regulated to prevent the pressure from exceeding a static pressure
level of 10 pounds per square inch (psi). The amount of water pumped into the well to maintain
a static pressure was monitored using the flow meter. This procedure was repeated several times,
providing results at several static pressure levels. Results of the soil hydraulic conductivity tests
are discussed in Section 4.0. A report summarizing the field hydraulic conductivity vadose zone
investigation conducted by AGRA E&E is presented in Appendix F of this volume.

2.3.14 Laboratory Analyses

- Selected soil samples retrieved during the baseline vadose zone investigation were chemically and

physically tested to measure background geochemical and attenuation properties, and assist in the
description of the various soil types. Laboratory analyses were performed by Core Laboratories
in Denver, Colorado on 13 soil samples collected as part of the vadose zone baseline
investigation. The samples chosen for analyses were fine-grained soils such as clay, silt, and
sandy silts. A summary of the vadose zone laboratory testing program is presented in Table
2.3-2. Soil samples selected for laboratory analyses included the following:

P1-80: 2 samples from 55 and 80 feet bgs;
P2-90: 2 samples from 45 and 70 feet bgs;

B1: 2 samples from 35 and 90 feet bgs;
B2: 2 samples from 55 and 75 feet bgs;
B3: 3 samples from 10, 45, and 65 feet bgs; and
B4: 2 samples from 55 and 80 feet bgs.

Each sample submitted was analyzed for each of the chemical constituents or properties listed on
Table 2.3-2, except for triaxial permeability. One sample from each boring was analyzed for
triaxial permeability. Physical laboratory results from Core Laboratories are presented in
Appendix F and are discussed in Section 4.0. Chemical laboratory results associated with the
vadose zone investigation are presented and discussed in Volume IV of the application.
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2.3.2 Monitor and Aquifer Test Well Installations

As a supplement to the existing geologic database for the proposed in-situ mine area, a drilling
and well installation program was conducted to further assess the geologic and hydrogeologic
conditions throughout the in-situ mine area. Monitor and aquifer test wells were installed to:
(1) obtain groundwater samples for laboratory analyses; (2) acquire groundwater level
measurements; and (3) determine the hydrogeologic properties of the oxide zone and overlying
basin-fill units. For each borehole, a lithologic log of the drill cuttings was prepared for the
purpose of identifying each geologic unit and its physical characteristics. Geophysical logs were
obtained by Welenco of Chandler, Arizona in selected boreholes.

A total of 18 monitor wells were installed at the proposed in-situ mine area, in three 4-well
clusters and three 2-well clusters as shown on Sheet 1.2-2[II] and Figure 2.1-2[II]. The monitor
wells ranged in depth from approximately 270 to 1,580 feet bgs. The monitor well clusters
include 12 wells completed in the basin-fill and 6 wells completed in the oxide and sulfide zones
of the bedrock complex. Monitor wells completed in the UBFU are constructed with a 60-foot
screened interval with 3 exceptions. These exceptions are completed in regions of higher
conductivity, and are constructed with a 40-foot screened interval. Wells completed in the LBFU
are constructed with a 60-foot screened interval with the bottom of the screen located
approximately 50 feet above the basin-fill/oxide bedrock contact. The depth of these screened
intervals vary due to the basin-fill/oxide bedrock contact occurring at differing elevations across
the proposed in-situ mine area. The oxide and sulfide zones are intercepted by wells in the
upgradient, middle, and downgradient well clusters. These wells are constructed with a 60-foot
screened interval at varying depths in response to the variable elevation of lithologic contacts.

Each of the 4-well monitor clusters contain wells completed within the UBFU, the LBFU, the
oxide bedrock zone, and the sulfide bedrock zone. The arrangement consists of three 4-well
clusters located across the proposed in-situ mine area aligned in a southeast-northwest direction
sub-parallel to the groundwater flow direction. The southeast cluster (wells M2 through M5)
monitors groundwater conditions upgradient of the proposed in-situ mine area and all associated
facilities. The middle cluster (wells M10 through M13) monitors aquifer conditions within the
in-situ leaching area. The northwest cluster (wells M6 through M9) monitors aquifer conditions
downgradient of proposed mine facilities.

The 2-well clusters are comprised of wells completed only in the UBFU and LBFU in proximity
to the western boundary of the proposed in-situ mine area. The west (wells M14 and M15) and
southwest (Wells M16 and M17) clusters were located to monitor groundwater conditions within
the basin-fill deposits at the western edge of the property, where the top of crystalline bedrock
plunges dramatically to the west. The south (wells M1 and M18) cluster monitors groundwater
conditions in the basin-fill deposits, and is located to characterize groundwater conditions along
the southern perimeter of the proposed in-situ mine area.

A total of 34 aquifer test well (designated as pumping or observation wells) installations were
completed in 10 separate clusters. Depths of the aquifer test wells range from approximately 270
to 1,470 feet bgs. These well clusters were used to: (1) supplement existing information; (2)
determine lateral hydraulic characteristics; and (3) determine vertical hydraulic characteristics in
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unique structural settings. Aquifer test wells are completed in the UBFU and LBFU, and in the
oxide bedrock zone. .

A summary of monitor and aquifer test well construction details is presented in Table 2.3-3.
Boring logs, well completion diagrams and geophysical logs are presented in Appendix A. Well
locations are shown on Sheet 1.2-2{II] and Figures 2.1-2[II] and 2.1-3[II].

2.3.2.1 Drilling and Well Installations

Monitor wells were completed in 9 7/8-inch, 9 5/8-inch and 8 3/4-inch diameter boreholes drilled
by conventional mud rotary methods with bentonite-based drilling fluid. Aquifer test wells were
advanced by conventional mud rotary or reverse circulation drilling techniques and were
completed in boreholes ranging in diameter from 8 3/4 to 12 1/4 inches. Typically, the smaller
diameter observation wells (see Table 2.3-3) were associated with smaller diameter borings.
Conventional mud rotary methods were used exclusively for monitor well drilling to minimize
drilling fluid loss to the surrounding formation. Drilling contractors retained for well construction
included Stewart Brothers Drilling Company, Inc., Grants, New Mexico and Arizona Beeman
Drilling, Apache Junction, Arizona. Drilling rigs consisted of a Failing CF 2500 (Stewart
Brothers), a Gardner-Denver 15-W (Beeman), and a Gardner-Denver 2000 (Beeman).

During the drilling of each well, the drilling contractor was required to maintain a daily driller’s
report, penetration rate log, driller’s log, and a drilling fluid record. These reports included
notation on the formations encountered, the number of feet drilled, actual time required to drill
each foot of borehole, length of casing set, annular materials installed, and other such pertinent
data. The driller’s log was. prepared in compliance with the requirements of the Arizona
Department of Water Resources (ADWR). The drilling fluid program was monitored by a
drilling fluid engineer from Desert Drilling Fluids of Phoenix, Arizona utilized throughout the
drilling program. All borehole and well depth measurements were referenced from ground level.
Duplicate samples of the drill cuttings were collected at 10-foot intervals during the drilling of
each well. The samples were described during or shortly after collection according to methods
described in ASTM Methods D-1452, D-2487, and D-2488.

The surface (conductor) casing borehole for each well was a minimum 14 1/2-inch diameter to
a minimum depth of 20 feet. The surface casing consisted of 10 3/4-inch or 12 1/4-inch diameter
low-carbon steel (LCS) pipe, and was cemented throughout the well annulus to the ground
surface. A period of 6 to 8 hours was allowed for the cement grout to set before drilling below
the surface casing commenced.

All borings were advanced using fluids capable of stabilizing the borehole wall and providing
representative drill cuttings of the formations. Conventional mud rotary drilling utilized a drilling
mud with a Marsh funnel viscosity of approximately 40 to 50 cubic centimeters per second
(cm’/sec). During reverse circulation drilling, the Marsh funnel viscosity of the drilling fluid
ranged from about 28 to 30 cm*/sec. On occasion, an inorganic polymer, lost circulation material
(LCM), or a high viscosity mud was utilized in the drilling fluid system to address specific
drilling conditions such as loss of drill fluid circulation or borehole destabilization.
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The monitor and aquifer test wells were designed specific to their location in and around the
proposed in-situ mine area. The well depths and screened intervals listed in Table 2.3-3 for each
hydrogeologic unit varied significantly because of subsurface structure.

Monitor wells were designed relative to anticipated yields, well development methods applied,
and groundwater sampling requirements. The monitor wells were completed with 5-inch nominal
diameter casing and screen to facilitate well development and installation of a submersible pump.
Monitor wells M-2, M-10, and M-18 are installed in the UBFU and are constructed with
approximately 40 feet of screen. The remaining monitor wells are constructed with
approximately 60 feet of screen. These screen lengths are directly related to the ability of the
specific hydrogeologic units to yield groundwater to the completed well. With the exception of
well M-9, the screened interval consisted of Schedule 80 PVC slotted casing with 0.080-inch
slots. Stainless steel (SS), wire-wrap screen was utilized for well M-9 because of its depth.
Blank casing for the monitor wells consisted of PVC and/or LCS.

Aquifer test wells were designed to evaluate the hydraulic characteristics of the oxide zone and
the LBFU in close proximity to the basin-fill/oxide bedrock interface. Pumping wells were
typically completed with 6-inch nominal diameter casing. Observation wells were typically
completed with 4-inch nominal diameter casing. The screened interval for each type of well
consisted of slotted PVC or LCS (see Table 2.3-3) casing with 0.080-inch or 0.020-inch slots.

Monitor and aquifer test wells were installed by the drilling contractor under the direction of
Brown and Caldwell. Subsequent to the completion of borehole drilling and geophysical surveys,
the well casing and screen were installed to the appropriate depth. The casing string was centered
in the borehole with casing centralizers placed at 80- to 100-foot intervals. Centralizers were

- placed at each joint of slotted casing in wells with shorter screen intervals. Casing centralizers

resulted in a uniform alignment of the casing string within the borehole to permit proper
installation of filter pack and grout materials.

A 10- or 20-foot section of blank PVC casing with a threaded end cap was placed at the bottom
of the casing string of each well to act as a sediment trap. The casing string was generally
installed to a depth of approximately 10 feet above the total depth of the borehole.

Filter pack, consisting of No. 6 to No. 9 mesh silica sand, was placed by the tremie pipe method
to completely fill the annulus surrounding the screened interval. The wellbore was full of drilling
fluid and the casing string was held in tension during filter pack installation. The level of the
filter pack was measured periodically during installation. A log of the volume of filter pack
installed, and the depth interval it covered was maintained by the drilling contractor.

Following filter pack installation, an intermediate seal consisting of No. 30 mesh silica sand was
installed in the well annulus through the tremie pipe. This intermediate seal was installed as a
barrier to preclude the infiltration of grouting material into the coarser-grained filter pack. The
annulus above the intermediate seal was grouted by the tremie pipe method with a low
permeability, bentonite-based grout slurry, or with Type V neat cement. As grouting operations
proceeded, the bottom of the tremie pipe was maintained at a level below the top of the grout
slurry placed in the annulus. The bentonite slurry contained approximately 30-percent solids by
weight. The Type V neat cement slurry was blended at a ratio of 6 gallons of water per 94-
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pound sack of cement. The grout slurries were mixed on site by the drilling contractor utilizing
jet-hopper mixers or recirculating mud pumps.

Bentonite grout was installed in most of the wells and was circulated to the ground surface. The
string of tremie pipe was then pulled to a depth of no less than 20 feet below ground level. This
20-foot interval was sealed with a cement grout slurry.

2.3.2.2 Geophysical Logging

Geophysical logs were obtained by Welenco of Chandler, Arizona in selected wells drilled within
the proposed in-situ mine area. The geophysical logging suite included caliper, electric
(resistivity and spontaneous potential), gamma ray-neutron, and sonic logs. Gamma-gamma
(density), and temperature logs were obtained in selected wells for additional background
information. A total of approximately 6,340 linear feet of geophysical logging was performed
in 18 wells. Geophysical logs are included with this volume of the application in Appendix A.

The geophysical surveys were conducted in the deepest well at each monitor and aquifer test well
cluster. In addition, geophysical logs were obtained in offset pumping or observation wells at
selected aquifer test clusters to assist in delineating subsurface structure and aquifer properties.
The geophysical logs and lithologic logs were used to design each well at a specific cluster.
Geophysical logs were also used to provide information relevant to subsurface structure,
fracturing, permeability, alteration, and porosity.

The caliper log provided a measurement of the average borehole diameter. It was used to
determine if other geophysical log responses may be influenced by variable borehole diameter.
The caliper log was also used to estimate annular volumes used during well completion
operations.

The electric log consisted of a spontaneous potential (SP) measurement, along with 2 or more
resistivity readings at varying depths of lateral penetration into the formation. The electric log
was utilized as a correlation tool to approximate lithologic boundaries. The electric log was also
useful as an indication of relative porosity of the formations and the grain-size distribution of the
alluvial sequence.

Gamma ray and neutron logs were recorded simultaneously with a single combination tool.
Gamma ray soundings measured naturally occurring gamma emissions from the decay of unstable
elements in the boreholes. The most significant of these elements are potassium 40, uranium 238
and 235, and thorium 232. This logging technique was generally used to differentiate rock types.
The neutron probe also measured radioactive properties by bombarding the formation with
neutrons from a radioactive source and measuring secondary effects. Because the response of the
neutron curve can generally be related to hydrogen content, it was used as an indicator of the
relative porosity of the formations.

A sonic log was used to measure the time it takes for a compressional soundwave to travel
through the various geologic mediums. This time was then related to the lithology and porosity
of a particular formation. Generally, sound waves travel faster through denser formations;
therefore, an increase in travel time for a given lithology indicates an increase in porosity.
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2323 Deviation Surveys

Deviation surveys were conducted by the drilling contractor at intervals of 100 to 200 feet in each
borehole. The surveys were performed using Totco™ Sureshot Model hole deviation survey
equipment. By using proper drilling techniques (e.g., stabilizers and properly sized drill collars)
a relatively vertical hole was advanced without difficulty. The surveys generally indicated a
vertical inclination from the borehole collar of 1/4 to 3/4 of a degree which is acceptable for the
intended use of the boreholes. Deviation survey data compiled during this investigation are on
file at the Florence Project field office at the site.

2.3.24 Well Development

Well development operations were conducted at each well after the grout slurry had cured for no
less than 72 hours. The wells were developed using bailing, air-lifting, and pumping techniques.
Compressed air used for these operations was treated by routing the flow through a high-volume
coalescing filter to remove potential organic contaminants. Well development was continued at
each well until the discharged water was as free of sediment as possible. During well
development, periodic measurements of parameters (pH, temperature, and specific electrical
conductance [EC]) were obtained. Well development data compiled during this investigation are
on file at the Florence Project field office.

2.3.2.5 Dedicated Groundwater Sampling Pumps

‘Dedicated pumps were installed in monitor wells 1 through 18 for the'purpose of collecting water

quality samples. Table 2.3-4 presents details of dedicated pump installations. All pumps installed
are submersible Grundfos™, stainless steel (SS), 460 volt, 3-phase, 4-inch diameter units. The
pump motors range in size from 1.5 to 5 horsepower (Hp) with the majority being 1.5 Hp. The
pumps are generally designed to produce 10 gallons per minute (gpm) with a maximum
performance range between 5 and 14 gpm. Installation depths range from 170 feet to 580 feet
bgs and are based on pumping drawdown and specific capacity of the well.

Selected wells with low yields (M5-S, M9-S, and M13-S) necessitated installation of pumps near
the top of the well screen. All other pumps were installed sufficiently below the pumping water
level to permit continuous operation during groundwater sampling.

Each well was equipped with a dedicated well head assembly composed of PVC and SS. The
well head assembly included a ball valve, sampling port and flowmeter. Electric control boxes
for every pump were installed at ground surface.

2.3.3 , Water Level Measurements and Well Inventory

As part of this investigation, a well inventory was performed in which all wells within a radius
of approximately 1/2 mile of the proposed in-situ mine area were evaluated. Wells located within
a 1/2-mile radius of the property were inventoried to verify well specifications, use, location, and
condition. Sources of existing well information included ADWR (1995), Magma (1995), and
E.L. Montgomery and Associates (Montgomery, 1994). Selected wells outside of the 1/2-mile
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radius program were also included in the inventory. Following a compilation of existing well
data from various sources, the water level measurement program was initiated.

This section describes the methods used to acquire water level data. Locations of the wells
described herein are shown on Sheets 1.2-1{II] and 1.2-2[II], and Figure 2.1-3[II]. Water level
measurements are presented in Appendix B.

2.3.3.1 Field Procedures

Water levels were measured with a calibrated electric water level sounder. The water level
sounder was equipped with standard 2-lead cable and marked in 1/100-foot increments. A
standard weighted electrode was attached to the end of the sounder cable. The water level
sounder was calibrated periodically by checking the distances between the sounder markings with
a steel tape. In preparation for measuring water levels, the procedures listed below were
followed: '

. Identification of the established measuring point for each well. The same
measuring point was used for all measurements taken at a particular well.

. Review of previous water level measurement for each well in order to detect
anomalous measurements. ‘

During the measurement of water levels, the procedures listed below were followed:

° Each well was sounded for depth to water until a difference of less that 0.02 feet
between consecutive measurements was obtained.

o The depth to water and the date of measurement were recorded (refer to Volume
III of this application). The previously measured water levels for the well were
reviewed. If the difference between the current water level measurement and the
previous measurement was greater than 1 foot, the current measurement was
rechecked. @ Water level field measurement forms generated during this
investigation are on file at the Florence Project field office at the site.

° A description of the measuring point at the wellhead was recorded. The same
measuring point was used for subsequent measurements (measuring point
elevations were surveyed following construction of new wells).

2.3.3.2 Spatial and Temporal Distribution of Measurements

Approximately 60 wells evenly distributed and representative of the Florence Project Area were
previously measured annually in the spring of 1993 and 1994 by Montgomery (Montgomery
1994) (see Table B-2 in Appendix B). The locations of these wells used in the water level
measurement program are shown on Sheet 1.2-1[II]. Monthly water level measurements from
existing Conoco and Magma wells at various locations around the proposed in-situ mine area
were also obtained by Montgomery (1994) from February through June of 1994. Brown and
Caldwell obtained water level measurements at the 60 Florence Project Area locations in
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November and December (see Table B-2 Appendix B). Fifty-two wells installed by Brown and
Caldwell in and around the proposed in-situ mine area during this investigation, along with
selected coreholes and existing wells, have also been monitored monthly by Brown and Caldwell
beginning in April, 1995 (see Table B-1).

234 Groundwater Quality Monitoring

In order to achieve a more complete understanding of the geochemical system and background
water quality in the Magma Florence Project Area, groundwater quality data were collected from
monitor wells specifically designed to characterize the Upper and Lower Basin-fill Units, the
oxide bedrock zone, and the sulfide bedrock zone. The groundwater sampling program described
herein also incorporated existing locations in and around the proposed in-situ mine area to
provide adequate spatial distribution of the characterization data.

The primary purpose for implementing this groundwater monitoring program was to evaluate the
background water quality at the proposed in-situ mine area prior to the initiation of any activities
that could alter groundwater composition. Background data acquired during this investigation
will be used in the future to monitor potential groundwater quality changes during mine
operation.

Groundwater sample locations used during this investigation are shown on Figure 2.3-3[II].
Results of the groundwater sampling program are discussed in Section 4.5. Sampling and
analysis protocols are summarized in this section, with detailed procedures and laboratory reports
included in Volume III. The groundwater quality information goals are presented in Section 2.1
of Volume III.

2.34.1 Field Procedures

All groundwater samples collected during the June, July, August, and September of 1995
sampling events were collected following the guidelines established in the project-specific
Groundwater Sampling and Analysis Plan (SAP) (BC, 1995b). A revised SAP is included in
Volume III of this application, with ADEQ and EPA comments, QA/QC information, and
laboratory reports. Future sampling activities will follow the guidelines of the revised SAP in
Volume III. This section presents an overview of the sampling protocols followed during this
investigation.

Groundwater samples were collected from 18 monitor wells to evaluate water quality in the basin-
fill units, the oxide bedrock zone, and the sulfide bedrock zone (see Figure 2.1-3[II]). These
monitor well locations were systematically located after a geologic and hydrologic review of the
in-situ mine area was completed, as described in the APP Application Work Plan (BC, 1995a).
Twelve of these wells were installed in three 4-well clusters located at the southeast corner
(upgradient), northwest corner (downgradient), and center of the in-situ mine area. These
clustered wells are screened in discrete alluvial and bedrock intervals, specifically in the UBFU,
the LBFU near its contact with the oxide crystalline bedrock, the oxide bedrock zone, and the
sulfide bedrock zone (see Table 2.3-3[1I]).
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In addition, three 2-well clusters were installed in the basin-fill units; 2 are located to the west
and 1 is located to the south of the proposed in-situ mine area (Figure 2.1-3[II]). Four aquifer
test wells were added to this monitoring program in response to ADEQ comments concerning the
need for additional coverage on the eastern portion of the in-situ mine area. The additional
groundwater monitoring locations included: 4 agricultural wells (England No. 3, WW-3, BIA-9,
and BIA-10B); the water tank that supplies the current Magma Florence Project facility make-up
water to all drilling activities (Magma Water Supply Well No. 1); the San Carlos Irrigation and
Drainage District (SCIDD) irrigation canal; and the abandoned air shaft that is connected to the
underground mine workings.

The 18 monitoring wells were sampled using dedicated, submersible, SS pumps as described in
Section 2.3.2. Sampling tubing and well head assemblies were dedicated to each well. The well
head assemblies were sealed after use by closing all valves and by placing fitted plugs over any
other opening so that each assembly was kept free of outside contamination. All materials used
for collection of water samples were decontaminated prior to use by thorough washing with a
phosphate-free detergent (Liquinox) solution and rinsing with deionized, distilled water. All
samples were collected using disposable nitrile gloves. Filtered samples for dissolved metals were
obtained using a disposable 0.45-micrometer in-line filter.

The water level within each well was recorded upon arrival at a particular cluster. The minimum
purge volume for each well was equal to 3 times the borehole volumes, unless the well was low
yield. The maximum purge volume was equal to 10 times the borehole volume plus 10 times
the casing volume.

After purging began, field water quality parameters of the well discharge were monitored. These
field parameters included pH, EC, oxidation-reduction potential (ORP), and temperature using
a calibrated YSI Model 3500 water quality meter. The water quality field parameters were
measured as follows: (1) a transfer container was rinsed 3 times with sample water prior to
filling; (2) the temperature was measured and the manual temperature compensation was adjusted
to reflect the observed temperature; (3) pH, ORP, and EC were recorded after stabilization of the
values.

Field water quality parameters were monitored every 10 minutes for wells with purge times of
2 hours or less. The monitoring frequency was increased to every 5 minutes as the minimum
purge volume was approached. For wells with purge times greater than 2 hours, the parameters
were monitored every 30 minutes until 2 hours remained, then monitored every 10 minutes as
above. Field water quality measuring devices were calibrated according to the manufacturer’s
recommendations. Following evacuation of the minimum purge volume, sampling proceeded
only after the water quality field parameters stabilized to within +10 percent. Samples were then
collected into appropriate bottles, which were provided by the selected laboratory. After sample
collection, field water quality parameters were measured again and recorded to ensure
consistency.

For wells completed in low-permeability (low yield) zones, purging caused drawdown to a point
where the pump shut off due to lack of water, typically within 40 feet of the top of the screen.
When this occurred, pumping ceased, and the well was sampled 24 hours after purging. In
circumstances where field conditions prohibited the placement of a pump to within 40 feet from
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the top of the screen, the well was purged to the pump intake depth twice on consecutive days
and sampled 24 hours following the second purge.

After sampling at a specific well was completed, the samples were placed in an ice chest or
refrigerator and maintained at 4 degrees C. At the time of shipment, the samples were packed
into ice chests with non-toxic Blue-Ice in double plastic bags and delivered to Federal Express
for overnight shipment to the laboratory (BCA).

Table 2.3-5 presents the 1995 sampling schedule for baseline characterization efforts. Table 2.3-5
includes specific wells sampled, and analytical parameter suites analyzed (see Section 2.3.4.2) for
each sampling effort. Sampling rounds listed for June through September, 1995 have been
completed. Groundwater sampling efforts are planned to continue on a monthly basis at least
through July, 1996. The groundwater sampling program schedule included sampling the 18
monitor wells on a monthly basis, and other selected wells or locations as discussed below.

Aquifer test wells that were included in this groundwater sampling and analysis program in
response to ADEQ comments were P28.1-O, P28-GL, P8.1-O, and P8-GU. The wells were
sampled using SS submersible pumps, galvanized steel tubing, and PVC well head assemblies
identical to those used for the monitoring wells. All materials that were inserted into the well
(including well head assemblies) were thoroughly steam cleaned prior to insertion. The pumps
were installed by qualified personnel at least 1 day prior to the scheduled sampling. During the
August groundwater sampling event, the aquifer test wells were operating and were sampled
following the guidelines discussed herein.

Selected aquifer test wells were sampled. Some of this sampling occurred during aquifer testing.
For each sampling effort, all temporary equipment, including pumps, tubing, and well heads were
thoroughly decontaminated by steam cleaning. The sampling equipment was installed in the
specified well(s) no less than 1 day prior to the scheduled sampling. Sampling then proceeded
as described above.

The 4 irrigation wells that were included in this sampling and analysis program were England
No. 3, Water Well 3 (WW3), BIA-9, and BIA-10B (see Figure 2.1-3[II]). Additional sampling
equipment was not needed because the irrigation wells were commonly operating upon arrival
and the existing equipment was sufficient for sample collection.

The water tank was sampled from a connecting hose that was used to supply water trucks with
make-up water for drilling fluids. This location was included because all drilling operations for
the investigation utilized this water. No additional equipment was needed at this location because
the existing equipment was sufficient for sample collection.

The SCIDD north side irrigation canal samples were obtained by immersing the sample bottles
into the flowing canal until full. Measurements required to estimate canal flow at the time of
sampling were also acquired. Care was taken to minimize the overfilling of sample bottles. The
air shaft was sampled by using new, disposable bailer(s). Sampling equipment was
decontaminated using a solution containing Liquinox, as necessary (see Volume III].
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For locations at which it was not possible to obtain purge measurements, such as operating
irrigation wells, the north side SCIDD irrigation canal, the air shaft, and the water tank, the
sampling procedure was as follows: (1) the depth to water was measured (conditions permitting)
or the time the well had been running was estimated; (2) water quality field parameters were
measured as described above prior to sampling; (3) samples were retrieved as described above;
and (4) water quality field parameters were measured after the samples had been collected.

2.3.4.2 Methods of Analysis

Table 2.3-6 presents a list of chemical constituents to be laboratory tested as part of the baseline
characterization. The following chemical parameter suites are included in Table 2.3-6:

o Suite A: Common Ions and Miscellaneous Analytes
. Suite B: Organics

. Suite C: Radiochemicals and Isotopes

. Suite I: Indicator Parameters

Parameter suites used during various sampling efforts as part of this investigation are presented
with the Schedule Summary in Table 2.3-5. Brown and Caldwell Analytical Laboratory (BCA),
in Glendale, California, conducted the analyses, with the exception of selected radiochemical
constituents, which were tested by Controls for Environmental Pollution (CEP) of Albuquerque,
New Mexico, or Lockheed Environmental Laboratories of Las Vegas, Nevada under BCA’s
supervision. Tritium and sulfur isotope testing was performed by the University of Arizona.

Additional information concerning laboratory chemical analyses are presented in Volume III of

" this application. Volume III also contains laboratory reports for the June through September 1995

sampling efforts.
2.34.3 Quality Assurance/Quality Control

The objective of the QA/QC program was designed to ensure that consistent high quality data are
generated during water quality sampling and analysis program. QA/QC protocols have been
established to meet the required level of assurance in data collection and analyses.

The field water quality parameters consisting of EC, pH, ORP, and temperature were measured
at each sampling location to indicate the general water chemistry. The probes on the
conductivity, pH, ORP, and temperature meter were thoroughly rinsed with deionized water prior
to each use. The pH meter was calibrated using pH 4.00, pH 7.00, and pH 10.00 buffer solutions
at the beginning and end of each sampling day. The temperature and conductivity meters were
calibrated at the start of the sampling round and after the sampling was completed using an
National Institute of Science and Technology (NIST) thermometer and standard conductivity
solutions, respectively.

Duplicate samples are identical to the original sample. Duplicates were taken for every 10 of the

samples collected, or once per day, whichever was greater. The identity of the duplicate samples
was not made known to the laboratory until after the analytical results were received. Duplicate
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samples were analyzed for the same constituents as the original samples. The locations of
duplicate samples were selected so as to minimize redundancy between sampling events.

Matrix spike and matrix spike duplicate (MS/MSD) samples were prepared for every 10 of the
total samples collected. The locations of MS/MSD samples were selected prior to the sampling
round so as to minimize repetition of locations between sampling events.

One set of trip blanks per sampling day was obtained, along with the groundwater samples, to
check possible contamination associated with sample transportation. Trip blanks were composed
of deionized, distilled or nanopure water and were prepared in the laboratory and delivered with
all material from the laboratory. Trip blanks were analyzed for the same constituents as the
groundwater samples.

One field blank was prepared for each sampling event by transferring the contents of trip blanks
supplied by the laboratory into the corresponding acidified sample bottles in the field. Field
blanks were used to identify possible atmospheric contamination.

Data quality objectives have been set with the contracted laboratories to meet acceptable levels
of assurance for all analyzed parameters. These contracted laboratories report that the analytical
methods and standard operating procedures (SOP) are in accordance with ADEQ guidance
documents and EPA recommendations.

Groundwater samples from the Florence in-situ mine area were analyzed according to standard
QC procedures. These procedures included: chain-of custody; holding time; method blank;
matrix spike/spike duplicate summary; detection limits listed on all reports; ion balances;
laboratory control samples/laboratory control sample duplicates; surrogate recoveries for GC
volatiles; and GC/MS analysis.

Exceptions to quality control for every sampling event were reported by the contracted laboratory
to Brown and Caldwell, as "Case Narratives." Analytical data that exceeded the acceptance limit
criteria were flagged with a data qualifier, and an explanation was provided by the laboratory.
Additional details concerning QA/QC protocols followed during this investigation are presented
in Volume III.

2.35 Aquifer Testing

Aquifer tests were conducted as part of this investigation in existing and new wells from May
through October, 1995. The aquifer tests were performed in sufficient areas to represent
subsurface conditions within the in-situ mine area and to provide hydraulic parameters used in
the groundwater flow simulations discussed in Volume IV of this application. The aquifer tests
include 3 components: (1) local aquifer cluster tests, (2) regional tests utilizing irrigation wells
in the proposed in-situ mine area, and (3) monitor well tests. Data acquired by Magma from
previous aquifer testing (Magma, 1995) were also incorporated into the investigation as
applicable.

A description of the aquifer tests, field measurements, data management and methods of analysis
are presented below. A summary of the aquifer tests conducted during this investigation with
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associated information goals to date is presented in Table 2.3-7. Aquifer testing information
goals consist of 3 primary categories as presented in Table 2.3-7: (1) evaluate, where
appropriate, aquifer characteristics, including transmissivity, hydraulic conductivity, storage and
leakage factor; (2) evaluate the hydrogeologic characteristics of geologic structures (faults) and
oxide fracture intensity classifications; and (3) evaluate the degree of connection between the
identified hydrogeologic units.

Locations of pump and observation wells utilized during the aquifer testing program are shown
on Sheet 1.2-2[II] and on Figure 2.1-2[II]. Appendix E contains additional information
concerning the aquifer testing program, including aquifer and monitor well cluster descriptions,
a summary of the field testing program, and an aquifer test analysis summary report prepared by
Golder Associates. Aquifer test data compiled during this investigation are on file at the Florence
Project field office. A total of 26 aquifer tests were performed as part of this investigation.

2.3.5.1 Field Procedures

The localized tests included the pumping of wells screened in the oxide zone and the Upper and
Lower Basin-fill Units using 30- to 90-gpm submersible pumps. The aquifer tests were
conducted in a specific well cluster by pumping 1 well and monitoring other wells in the same
cluster. Pressure sensitive transducers were used to monitor water levels. The transducers were
allowed to stabilize for a minimum of 4 hours before a test was started. In addition, barometric
pressure, temperature and conductivity transducers were also used in at least 1 observation well
during each test. All transducers were connected to Hermit 1000™ or Hermit 2000™

‘dataloggers. The tests were conducted in 3 stages: (1) a static water level period; (2) a pumping

period; and (3) a recovery period.

The typical duration of an aquifer test was approximately 7 days. During the first test period,
static water levels in the selected test wells were monitored. The dataloggers were programmed
with a reference water level, and responses in a static condition were measured for not less than
12 hours. The dataloggers were then initialized to record pumping data using the reference level
programmed during the static water level period.

During the pumping period, the discharge was closely monitored and maintained at a constant
rate. The pumping period continued until an equilibrium in the drawdown had been established
as observed on the recorded drawdown data. Before the pump was turned off for the recovery
period, the dataloggers were again initialized, using the reference level programmed during the
static and pumping periods. The recovery period continued until the water level returned to the
initial reference level, or until it was decided that outside influences, such as pumping irrigation
wells, were affecting the recovery data.

The regional aquifer tests utilized irrigation wells with turbine-type pumps. These tests were
performed using wells WW-3, which is screened both in the basin-fill deposits and the oxide
bedrock zone, and BIA-9, which is screened only in the basin-fill deposits. The tests were
conducted to assess the hydrogeologic responses to the pumping of high-yield irrigation wells.
During the regional tests, monitoring was performed at up to 15 observation wells in 6 different
well clusters in the area, (well clusters 28, 15, 19, 12, 7/3, and monitor wells M14 and M15 (see
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Figure 2.1-2[II] and Sheet 1.2-2[II]). Well discharge during the test was measured using a
velocity meter.

The regional tests using wells WW-3 and BIA-9 each lasted approximately 7 days. No other
irrigation wells were operating in the area during the WW-3 test. A flow rate during the test of
approximately 2,300 gpm was measured at well WW-3 using a velocity meter. The BIA-9 test
was impacted by pumping at well BIA-10B, which was turned on 2 days into the pumping
segment of the test, and again before total recovery had been achieved. A flow rate at well
BIA-9 of approximately 2,300 gpm was measured. Water levels for both of the regional aquifer
tests were recorded with pressure transducers and Hermit™ data loggers. It was not possible to
place a transducer in either of the of the irrigation wells during the tests to monitor pumping
water levels.

Monitor well tests were performed using the low-volume (5 to 15 gpm) dedicated pump systems.
These short-term aquifer tests were performed using the selected 2-well and 4-well clusters (see
Sheet 1.2-2[II] and Figure 2.1-2[II]). Each test consisted of operating the pump for
approximately 24 hours in 1 well, while recording water level responses in the neighboring
cluster wells. The pump in the selected well was then stopped and all wells in the cluster were
monitored during the recovery period. The test was then repeated using each of the other wells
in the cluster as the pumping well. All water levels were recorded with pressure transducers and
Hermit™ data loggers. :

Field measurements were performed during all aquifer tests, and included water levels, pumping
rate (pH and EC), barometric pressure and field water quality parameters. The field
measurements were recorded on aquifer test summary sheets, and in a logbook.

At the conclusion of each aquifer test, the data were downloaded from the data logger to a
computer. Each test, including the static water level, pumping and recovery periods, were stored
in an on-site computer with copies provided for analysis. Graphs of the data were produced and
annotated on-site to assess the quality of the data. Hard copies of the data were prepared. and
placed into notebooks which were maintained on-site and at Brown and Caldwell’s Phoenix,
Arizona office. All aquifer test data are on file at the Florence Project field office.

2.3.5.2 Methods of Analysis

Quantitative assessment of aquifer characteristics from the aquifer tests was performed by Golder
Associates (Golder) in Tucson, Arizona. The assessment included calculation of hydraulic
conductivity, transmissivity, well skin factor, and storativity/specific yield for the aquifer tests
performed at the proposed in-situ mine area. The analyses performed was based on standard
methods for aquifer analysis developed in the oil and gas industry using proprietary software
(FLOWDIM) developed by Golder Associates. The well test analyses methodology consisted of
the following primary components.

. Dividing the data set into major components, such as drawdown period and shut-in
or recovery period.

o Analyses of the major components separately using separate methods.
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. Checking analyses results for the major components with each other for
consistency.

Analysis of the drawdown test data was performed using constant discharge techniques if
sufficient hydraulic head change was achieved. The analysis used type curves which correspond
to a flow model incorporating the following elements:

. Inner boundary condition: wellbore storage and skin.
e Formation homogeneity.
. Outer boundary condition: infinite lateral extent.

The best fit of the data type curves involved finding the optimum set of hydraulic conductivity
and wellbore skin analyses. Evaluation of the shut-in period assumed zero discharge following
the constant discharge drawdown period.

The appropriate flow model was chosen based on the following elements:

° Inner boundary conditions: wellbore storage and skin effects, and fracture flow
effects.

.. Formation flow component: homogeneity, dual porosity and composite effects.

. Outer boundary conditions: infinite extent condition, no flow or constant pressure
conditions.

Recognition of a suitable model was performed using diagnostic plots. The derivative of the
recorded pressure response with respect to time was also plotted and is used as a diagnostic tool
which was very sensitive to pressure variations.

Subsequent to variable selection and data analyses, a sensitivity analyses was performed. This
exercise served to quantify uncertainty in estimated hydraulic conductivity values obtained during
the analyses, based on an evaluation of input parameter range corresponding to a reasonable fit
between the model and test data. Parameter estimation was based on regression analyses of the
pressure and the pressure derivative curves. Results of the Golder analyses and a complete
description of the mathematical rationale for the FLOWDIM model is presented in Appendix E.

A summary of the calculated hydraulic conductivity values is presented in Section 4.3. The
aquifer test analyses were complicated due to the transient irrigation well pumping responses that
occurred in the region during the time of the aquifer testing. The aquifer test well responses were
adjusted to account for the regional effects. Because of unknown distribution of irrigation
pumping in separate geologic units, the adjustments were subjective. The irrigation pumping
interference increased the potential error in the calculation; however, all hydraulic conductivity
calculations were found to be suitable for use in the numerical simulation model.
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Due to the rapid drawdown and extremely slow recovery response in sulfide wells M13-S and
MS5-S, hydraulic conductivity values were calculated using slug-test methods developed for a
partially screened well in a unconfined aquifer (Bouwer, 1989). Results of the analyses for wells
MS-S and M13-S are presented in Appendix E and summarized in Section 4.3.

In addition to the quantitative assessment, a semi-qualitative evaluation was performed by
comparing general hydraulic pressure response. The assessment included data relative to response
from hydraulic stresses applied to selected hydrogeologic units and at monitoring points at
different distances and directions from a given pumping well. General assessments were made
concerning the anisotropic flow and/or influence of geologic structures on hydraulic response.

2.3.6 Hydraulic Corehole Testing

Hydraulic fracturing and slug tests were conducted in selected coreholes at the in-situ mine area
to obtain fracture gradient values of the oxide bedrock zone. A summary of the corehole testing
program is included in Table 2.3-7. These tests were conducted to establish wellhead injection
pressure criteria as a requirement of the Underground Injection Control (UIC) program and for
future development of the ore body. The fracture gradient values obtained represent the pressure
per foot of depth required to initiate a fracture in the host bedrock. A total of 5 coreholes were
tested that were considered representative of the lithologic conditions found throughout the oxide
zone. These included a 6-inch diameter corehole (MCC-533), and 4 HX (approximately 3-inch
diameter) coreholes (MCC-537, MCC-540, MCC-541, and MCC-544). The location of these
coreholes are shown on Sheet 1.2-2[II]. Coreholes in the Florence -Project Area are discussed

‘further in Section 4.1.2. Lithologic and geophysical logs compiled for the coreholes during this

investigation, as well as analyses results, are on file at the Florence Project field office.
2.3.6.1 Field Procedures

After completion of coring activities, a geophysical logging survey was conducted by Welenco,
Inc., Chandler, Arizona. The geophysical logs and the corehole log descriptions were used to
select test intervals based on characteristics such as lithology, fracture intensity, rock competency,
and hole roughness. Geophysical logs obtained for the coreholes included caliper, electric,
gamma ray-neutron, sonic, and borehole televiewer (BHT) logs. The BHT tool is an acoustic
scanner. The BHT log displays an oriented, 360-degree acoustic image of the corehole wall as
if it were split vertically and laid flat. Features that can be identified include fractures, faults,
vugs, and intrusions. Fractures dipping between vertical and horizontal appear as sinusoidal
images.

After the geophysical surveys were completed, the drilling fluid remaining in the coreholes was
displaced with clean water. A Failing 1500 workover rig was used to install a workstring of 2
7/8-inch diameter steel tubing into the corehole. Water was pumped down the tubing and up the
annulus until the drilling fluid was displaced. Circulation was continued after reaching total
depth until the returning water at the surface was as free of sediment as possible. Because of
unstable hole conditions, coreholes MCC-533, MCC-537, and MCC-541 could not be developed
to their total depth.
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The test intervals selected for each corehole were isolated using a balanced piston (BP) straddle
washtool operated by TAM International, Houston, Texas. The BP straddle washtool consisted
of 2 inflatable rubber packers mechanically connected to form a single unit. The packer elements
were approximately 2 1/2 feet in length and hydraulically actuated to produce a positive seal on
the corehole wall. Perforated tubing was installed between the packers to straddle the selected
depth interval and control fluid injection. A pressure transducer, rated to 2,000 psi, was installed
to the top of the test interval to record hydraulic pressure and temperature. Two turbine flow
meters, with ranges of 3 to 15 gpm and 5 to 50 gpm, were used to measure water injection rates.

2.3.6.2 Methods of Analysis

Fracture gradient values obtained for the oxide bedrock zone were determined from pressure
buildup and step-rate injection tests. Prior to conducting either of these tests, siug tests were run
on most of the test intervals for background hydraulic conductivity data. The results of all the
tests are discussed in Section 4.0. ‘

The pressure build-up test involved the raising of the fluid pressure in the sealed-off interval
between the 2 packers by injecting water at a constant rate until the corehole wall rock was
fractured. Then, as water continued to be injected into the zone, the pressure stabilized, at which
time the fracture continued to be extended. When injection was stopped, the pressure quickly
stabilized to the instantaneous shut-in pressure (ISIP); the pressure reached when the induced
fracture closes. The fracturing (breakdown) pressure of the formation is represented by the peak
of the pressure-time curve. The fracture gradient was determined by the ratio of the breakdown
pressure (the applied hydraulic pressure plus the pressure exerted by the water column) and the
depth interval given in pounds per square inch per foot (psi/ft). Pressure buildup tests were run
on 4 zones in corehole MCC-533 within the quartz monzonite porphyry of the oxide bedrock
zone. The fracture gradient values ranged from 0.71 psi/ft to 0.82 psi/ft.

Step-rate injection testing consisted of injecting fluid in an isolated interval between the packers
at a series of increasing rates, with each rate lasting approximately the same length of time. The
bottom hole injection pressure at the end of each rate versus the injection rate was plotted. The
plot consisted of 2 straight-line segments with different slopes, with the point where the 2 lines
intersect indicating formation fracture pressure. The fracture gradient was determined by dividing
the fracture pressure by the depth. A total of 12 step-rate injection tests were conducted in
coreholes MCC-537, MCC-540, MCC-541, and MCC-544. The fracture gradient values for the
step-rate injection tests ranged from 0.71 psi/ft. to 1.19 psi/ft.

Slug tests were conducted prior to performance of the fracture gradient tests in the coreholes to
establish background hydraulic conductivity values for the oxide bedrock zone. These tests were
also used as a guideline in establishing injection rates at the beginning of the fracture tests. The
slug test method consisted of quickly adding a known volume of water to the formation, and
monitoring the rate of water level decline as indicated by change in hydrostatic head. The tests
were analyzed using the Hvorslev method (1951) as presented in Fetter (1994). The slug test
results are discussed in Section 4.0.

The Hvorslev method consists of computing the ratio of the water levels during the test and
plotting that versus time on semi-logarithmic paper. The time fall-off plot will yield a straight
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line. Because the length of the test interval was significantly greater than the radius of the .
corehole (L/R>8), the following formula presented by Hvorslev was applied.

_ 2 1n (YR
2LT,

where: K = hydraulic conductivity (ft/day);
r = radius of tubing (ft);
R = radius of corehole (ft);
L = length of test interval (ft); and
T, = time for the water level to fall 37 percent of the initial value (day).
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Table 2.3-1 Summary of Vadose Zone Characterization Borings and Piezometer Construction Details

Boring Drilling Total Piezometer Screen
Identification Method Depth Interval
(feet bgs) (feet bgs)
Bl Percussion Hammer 95 NA
B2 Percussion Hammer 80 NA
B3 Percussion Hammer 80 NA
B4 Percussioﬁ Hammer 95 NA
P1-80 Percussion Hammer 80 70’to 80’
P2-90 Percussion Hammer 90 80° to 90’
P3-60 Percussion Hammer 60 50° to 60°
P4-40 Percussion Hammer 40 30’ to 40°

NA - Not Applicable

Percussion Hammer Drilling Method - AP-1000 Drilling Rig

See Figure 2.1-1[II] for Boring and Piezometer Locations :

Lithologic Logs and Piezometer Construction Diagrams are presented in Appendix A [II].
bgs - below ground surface
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Table 2.3-2 Summary of Vadose Zone Investigation Laboratory Analysis Program

Analyses

Analytical Method

Detection Limit

Reporting Units

Geochemical Parameters

Acid Neutralization Potential (ANP) | EPA 600 3.2.3 0.1 tons CaCO,/Kt
Cation Exchange Capacity (CEC) SW-846 9081 0.01 meq/100gm
Exchangeable Cations: Sodium USDA 60 18 0.01 meq/100gm
Total Organic Carbon (TOC) Agronomy 90-3 0.01 Percent
Total Sulfur as S ASTM D4239-85C 0.01 Percent (Leco Furnace)
Total Sulfur 03 tons CaCO,/Kt
Total Metals*
Mercury SW-846 7471 0.02 mg/Kg
Arsenic (As) SW-846 6010 0.05 mg/Kg
Beryllium (Be) 0.005 mg/Kg
Cadmium (Cd) 0.005 mg/Kg
Chromium (Cr) 0.01 mg/Kg
Copper (Cu) 0.01 mg/Kg
Lead (Pb) 0.05 mg/Kg
Selenium (Se) 0.1 mg/Kg
Silver (Ag) 0.01 mg/Kg
Zinc (Zn) 0.01 mg/Kg
Miscellaneous Geochemical Parameters®
Alkalinity EPA 310.1 5 mg/L CaCO,
Bicarbonate SM 2320 B 5 mg/L
Chlioride EPA 3252 0.5 mg/L
Nitrate and Nitrite EPA 353.2 0.05 mg/L
Sulfate EPA 3752 NA NA
Soluble Metals Analyses SW-846 6010
Calcium (Ca) 0.1 mg/L
Magnesium (Mg) 0.1 mg/L
Sodium (Na) 1 mg/L
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Table 2.3-2 Summary of Vadose Zone Investigation Laboratory Analysis Program

Analyses Analytical Method | Detection Limit

Reporting Units

Physical Parameters

Particle Size Distribution ASTM D4464 NA NA
Triaxial Permeability ASTM 5048 NA NA
Plasticity Index ASTM D4318 NA NA

*Performed with Solids Acid Digestion preparation (SW-846-3050)
*Performed with Soluble Soil Paste preparation (USDA Method 60 2)
NA - Not Applicable

mg/Kg - milligrams per Kilogram

meq/100gm - milliequivalent per 100 grams

mg/L - milligrams per Liter

Kt - Kiloton

CaCQ, - Calcium Carbonate
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Table 2.3-4 Summary of Monitor Well Pump Installation Data

Static Water

Idenzyﬁecliltion Re‘;i]s)t‘ZzIt{ion l\l/)llcl)[:e[;’ HOI:SI:;?)I;ver Tgc[:'::l:"“ (SeLte:;lber h;)sltl?llll;d
Number {) 995) Depth®

MI-GL 55-547617 10S-10-15 1 315 126.7 280
M2-GU 55-547814 10S-10-15 1% 198 112.7 180
M3-GL 55-547614 10S-10-15 1% 298 116.7 200
M4-O 55-547615 10S-15-21 1v2 405 116.6 380
M35-§ 55-547616 258-50-26E 5 516 119.0 500
Mé6-GU 55-547815 58-10-22 1% 524 152.8 500
M7-GL 55-547611 108-10-15 14 859 163.2 570
M8-O 55-547612 7S-15-26 1% 1,011 154.1 580
M9-S 55-547613 108-10-15 1% 1,510 168.5 500
M10-GU 55-547816 10S-10-15 1% 218 1254 200
M11-GL 55-547817 108-10-15 1% 290 128.6 260
M12-0 55-547818 108-15-21 2 420 129.0 260
M13-8 55-547819 16S-50-38 5 852 130.0 488
M14-GU 55-549172 - 10S-10-15 1% 778 148.9 260
M15-GL 55-547813 10S-10-15 1% 554 148.2 260
M16-GU 55-549140 10S-10-15 1%, 598 143.1 260
M17-GL 55-549141 10S-15-21 2 938 1414 340
M18-GU 55-547809 10S-10-15 1% 178 118.7 170

*All pumps are SS Grundfos submersible; 460V, 3-Phase, 3.75-inch outside diameter

All installations with PVC or Fiberglass Reinforced Pipe (FRP) discharge pipe.

®Feet below ground surface
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Table 2.3-6 Summary of Analytical Parameters Used to Monitor Ambient Groundwater Quality

Analyte

Method (EPA unless
otherwise indicated)

Detection Limit

Suite A: Common Ions and Additional Analytes

Alkalinity 310.1 10
Bicarbonate 310.1 10
Bromide 300 0.2
Carbonate 310.1 10
Calcium 200.7 2.0
Chloride 300 0.5
Fluoride 340.2 1.0
Hardness SM2340B 2.0
lodide ASTMD3869 0.5
Magnesium 200.7 0.05
pH 150.1 NA
Phosphorous 365.4 0.07
Potassium 200.7 0.5
Sodium 200.7 0.5
Sulfate 300 0.5
Sulfide (as HS) 376.2 0.5
Total Dissolved Solids (TDS) 160.1 6.0
Turbidity 180.1 1.0 NTU
Nitrate-N 300 0.5
Nitrite-N 300 0.5
Cyanide (as Free Cyanide) 335.2 0.025
Trace Metals
Aluminum 200.7 0.5
Antimony 200.7 0.006*
Arsenic 206.2 0.005
Barium 200.7 0.05
Beryllium 200.7 0.004*
Boron 200.7 0.05
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Table 2.3-6 Summary of Analytical Parameters Used to Monitor Ambient Groundwater Quality
Analyte Iz{:lg:::s(f;ﬁi:;f;)s Detection Limit

Cadmium 200.7 0.005*
Chromium 2182 0.005
Cobalt 200.7 0.05
Copper 200.7 0.05
Iron 200.7 0.05
Lead 239.2 0.005
Manganese 200.7 0.05
Molybdenum 200.7 0.05
Mercury 245.1 : 0.0002
Nickel 200.7 0.05
Selenium 270.2 0.01
Silver 200.7 0.05
Strontium 200.7 0.05
Thallium : . 279.2 ‘ 0.002°
Tin 200.7 0.5
Vanadium 200.7 0.05
Zinc 200.7 0.05

Suite B: Organics
Total Petroleum Hydrocarbons (TPH) 8015 Modified 0.05
Total Recoverable Petroleum Hydrocarbons 418.1 0.5
Total Phenolics 420.2 0.02
Volatile Organics 8260 0.0005
Semi-Volatile Organics 8270 0.005
Chlorinated Pesticides and PCBs 8080 0.001
Chlorinated Herbicides 8150 0.006

Suite C: Radio and Stable Isotopes
Gross Alpha, Gross Beta : 900.0 1.0 pCi/l
Radium 226, 228 901.1 or 903/904 5.0 pCi/I®
Uranium 234, 235, 238 908.0 0.6 pCi/l
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Table 2.3-6 Summary of Analytical Parameters Used to Monitor Ambient Groundwater Quality
Analyte x;zl;(ﬁgi‘:i:;f;)s Detection Limit
Uranium Total (natural) 908.0 or SM 7500 0.001 mg/l
Radon 222 Emination 903 or Lucas 4.0 pCi/l
Cell

Sulfur (**S/**S) NA NA
Tritium NA 0.7 TU

Suite I: Indicator Parameters
Alkalinity 310.0 10
Bicarbonate 310.0 10
Chloride 300 0.5
Fluoride 340.2 1.0
Carbonate 310.1 10
Sulfate 300 0.5
DS . 160.1 10.0

Total Metals
Calcium 200.7 2.0
Copper _ 200.7 0.05
Iron 200.7 0.05
Potassium 200.7 0.5
Magnesium ' 200.7 0.05
Manganese - 200.7 0.05
Sodium 200.7 0.5
Hardness SM2340B 2.0
Nitrate and Nitrite combined (N) 353.2 0.05

¢ Detection Limit (PQL) must be below indicated value
Metal analyses are for dissolved (filtered) unless otherwise indicated here or in sample schedule (Table 2.3-5).
NA - Not Applicable
NTU - National Turbidity Unit
TU - Tritium Units
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SECTION 3.0

REGIONAL HYDROGEOLOGIC CONDITIONS

This section presents hydrogeologic and related information from a regional perspective for the
area surrounding the immediate Florence Project Area. A summary of the information reviewed
is followed by discussions of physiography, climate, surface water hydrology, geology, subsidence
potential, seismicity, and groundwater.

3.1 REVIEW OF EXISTING INFORMATION

Several sources of data concerning the Florence Project Area were reviewed during this
investigation. A considerable amount of data have been compiled by Magma as part of
exploration and feasibility efforts. These data were used to aid in delineating the geology and
groundwater flow characteristics within a several mile radius of the in-situ mine area. Where
appropriate, these information sources are referenced in the following sections. These materials
included:

. Conoco and Magma core logs (Magma, 1995).

. Well information logs, including lithology associated with drilling and completion
of irrigation, municipal supply, and domestic wells, were obtained from ADWR
(1995). ‘

o Published geologic studies concerning the general area available from the United

States Geological Survey (USGS).

° Mine feasibility studies completed by Conoco (1976) and Magma (1994).

. Project specific investigations performed by several authors as indicated in the
text.

. Regional geophysical investigations.

. Exploration reports of neighboring properties (including the Aztec, Cholla

Mountain, and the Santa Cruz properties).

The Aztec property is located northeast of Poston Butte about 1.5 mile from the Florence Project
Area in Township 4 South, Range 9 East and is about 2 miles northwest of the Town of Florence
(see Sheet 1.2-1[II]). The Aztec site is about 1 mile northwest of the in-situ mine area.
Available information (Magma, 1995) indicates this area was investigated by the Getty Oil
Company in 1972. :

The Cholla Mountain property is located directly north of the Gila River and west of Attaway

Road in portion of Sections 35 and 36 of Township 4 South, Range 8 East and Sections 2, 3, and
11 of Township 5 South, Range 8 East (see Sheet 1.2-1[II]). This property was drilled by

magmaflo\final app\volume 2\section.31010696\kw 3-1
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Conoco in 1976 and 1977. The Cholla Mountain site is about 4 miles west-southwest of the
Florence In-situ Mine Area.

Core log, geophysical and other miscellaneous information supplied by Magma were invaluable
in the evaluation of regional geologic conditions for the referenced project. Because exploratory
emphasis was placed upon the bedrock complex, some core logs do not include descriptions of
the sedimentary basin-fill units. In some cases, a core log will include a complete description
for the sedimentary deposits. The core logs provided the basis for delineation of the basin-
fill/bedrock contact in the project area. Basalt and evaporite deposits were also mentioned on
several logs, but these areas were not cored.

Well data obtained from ADWR included lithologic logs showing major contacts, such as the
basin-fill/bedrock interface and fine/coarse-grained basin-fill units. Details such as the occurrence
of faulting and mineralogic changes within the bedrock are generally not reported to ADWR.
Few water wells penetrate the basin-fill/bedrock contact.

Approximately 700 exploratory coreholes have been drilled during previous and current mining
feasibility studies (Magma, 1995). The density of data points decreases significantly away from
the in-situ mine area, and is discussed in greater detail in Section 4.0. For the purposes of the
regional characterization, selected corehole information was reviewed related to 2 other properties
in the area: the Cholla Mountain and Aztec sites. Sheet 1.2-1[II] shows the locations of selected
coreholes used to characterize regional subsurface conditions.

Water well data (ADWR, 1995) are more concentrated east and west of the Florence Project Area
where the thickness of the basin-fill units is greater. With the exception of the Gila River
channel area, water well log coverage is significant south of the Florence Project Area. However,
wells in this area are generally less than 500 feet deep and do not encounter bedrock. Very few
water wells are located within 2 miles north of the Florence Project Area because basin-fill
deposits are thin. This area does contain exploration coreholes. Sheet 1.2-1[II] shows the
locations of water wells with available logs.

As part of this investigation, all wells within 1/2-mile of the proposed in-situ mine area were
inventoried, and locations verified using a Global Positioning System (GPS). This inventory also
included selected wells within a 5-mile radius. Information concerning wells within 1/2-mile of
the property is presented in Table B-4 in Appendix B. Information concerning wells within 5
miles of the proposed in-situ mine area is presented in Table B-5 in Appendix B.

Regional studies and reports reviewed for this investigation include the following primary
materials:

. "Geology of the Poston Butte Porphyry Copper Deposit" (Nason and others, 1982)
which reported bedrock geology.

. A gravity survey completed in the area by West (1971), which identified a horst
block beneath the proposed in-situ mine area. This survey was used to estimate
the thickness of basin-fill. Basin-fill thicknesses in some areas did not compare
well with drill hole results.

magma.flo\final app\volume 2\section.3\010996\kw 3 -2
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° A second gravity survey, completed by Cities Service Minerals Corporation
(Cities, 1977). This survey was more regional in scope than the West survey. It
covered an area of approximately 1,450 square miles, with the proposed in-situ
mine area located near the center of the survey.

o Feasibility studies concerning the Florence Property performed by Conoco (1976).
3.2 PHYSIOGRAPHY AND CLIMATE

The following 2 sections discuss regional physiographic and climatic conditions of the Florence
Project Area.

3.2.1 Physiographic Setting

As depicted on Figure 3.2-1[II], the Florence Project Area is located within the Sonoran Desert
section of the Basin and Range physiographic province of south-central Arizona. The last major
tectonic event left a topography of deep basins surrounded by mountain ranges. The basins are
now sediment-filled valleys, and the mountains are low and rugged. Elevations range from 1,000
to 3,000 feet above mean sea level (msl). As shown on Figure 1.1-2[II], the Santan and Sacaton
Mountains lie to the west/northwest of the Florence Project Area. To the east/northeast of the
Florence Project Area are the Superstition Mountains. Erosion and sedimentation have isolated
the mountain ranges, with basin-fill deposits extending to the mountain fronts, burying the lower
reaches of the mountain flanks.

The Gila River traverses the region from east to west (Figure 1.1.-2[II]). The braided riverbed

- meanders through a broad valley averaging 2 to 3 miles in width in the vicinity of the Town of

Florence.. Past periods of relative erosional stability are evident from the existence of terraces.
East of Florence, the valley floor slopes approximately 20 feet per mile to the southeast.
Westward from Florence, the valley slopes to the west approximately 10 feet per mile (Beer,
1988). Tributary washes to the Gila River generally have dendritic drainage patterns.

Due to upstream control and diversions, the Gila River is generally dry, with the exception of
brief flow following intense seasonal rainstorms and releases from upstream dams. Surface water
is diverted through a system of canals for irrigation of approximately 7,000 acres of cropland
operated by the San Carlos Irrigation Project (SCIP). SCIP consists of 2 primary elements: the
San Carlos Irrigation and Drainage District (SCIDD) and the Gila River Indian Community
(GRIC). These water users are discussed further in Sections 3.3 and 3.9.

The Gila River flows periodically in the vicinity of the Florence Project Area. Two notable
periods of protracted surface water flow occurred in 1983 and again in 1993. These flow periods

of the Gila River are discussed in detail in Sections 3.3 and 4.2. Groundwater is utilized when
surface water supplies are limited.

3.2.2 Climate

The climate in the region inclusive of the Florence Project Area is typical of a semi-arid desert
region with low precipitation and low humidity. Temperatures during the summer months

magma.flo\final.app\volume.2\section.3\010696\kw 3.3
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regularly exceed 100 degrees Fahrenheit and average around 50 degrees to 80 degrees during the
winter months (Sellers and Hill, 1975). Rainfall is seasonal with peaks in winter and summer.
Winter rainfall occurs from December to March and is derived primarily from cold fronts
originating in the northern Pacific Ocean.

Figure 3.2-2[II] shows annual precipitation recorded at Florence from 1908 through 1994. Figure
3.2-3[II] illustrates mean monthly precipitation recorded at Florence for the same period of
record. Summer rainfall occurs from July to early September and is produced from convection
of unstable, moist air derived from the Gulf of Mexico and the Gulf of California (Huckleberry,
1993). Data from the National Oceanic and Atmospheric Administration (NOAA, 1910-1994)
indicates that the annual precipitation at Florence from 1909 through 1993 ranged between 2.4
inches in 1911 to 20.01 inches in 1978.

Winter precipitation is generally lighter than that occurring during the summer months and is
steady and longer in duration (see Figure 3.2-3[II]). Summer rains are sporadic and heaviest
during July and August and may cause flooding. The mean relative humidity ranges from about
19 percent in the summer to about 59 percent in the winter. Estimated potential evaporation in
the area is about 65 inches per year (Montgomery and Harshbarger, 1989). Because of high
evapotranspiration rates, only small amounts of precipitation are available for recharge to the
aquifer. A small amount of recharge from precipitation may occur during the winter months
when daily temperatures are lower.

As shown on Figure 3.2-2[II], a series of relatively wet years occurred during the periods from
approximately 1982 to 1985 and 1990 to 1994. These trends are also evident in data evaluated
for recording stations at Kelvin, and San Manuel, Arizona (information on file at-Brown and
Caldwell Phoenix office). These data show that a widespread wet period occurred which
increased flows of the Gila River, and in turn influenced rising water levels in the Florence
Project Area. Further discussions relative to this issue are presented in Section 3.3, 3.6, and 4.3.

3.3 SURFACE WATER HYDROLOGY

This section presents descriptions of watershed conditions and major surface water features in
proximity to the Florence Project Area. Locations of pertinent surface water features in the
region are depicted on Figure 3.3-1{1II].

3.3.1 General Watershed Conditions

The principal surface water feature in the area is the Gila River, with a drainage area of
approximately 57,900-square miles (USGS, 1994). The river traverses the central part of the 100-
square mile Florence Project Area within the Pinal Active Management Area (AMA) and trends
west-southwest (see Figure 1.1-2[II]) to the Colorado River. The section of the Gila River
between the San Pedro and Gila Rivers (Figure 3.3-1) is referred to as the Middle Gila River
(Huckleberry, 1993).

Coolidge Dam, located approximately 55 miles east of Florence (see Figure 3.3-1[II]), was
completed in 1928 and began regulating runoff from 75 percent of the watershed above the

Middle Gila River. The San Pedro River is the primary source of unregulated streamflow for the
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Middle Gila River. All upstream flow is diverted into the Florence-Casa Grande Canal at the
Ashurst-Hayden Diversion Dam shown on Figure 3.3-1. The Middle Gila River, which is
situated just south of the proposed in-situ mine area, is usually dry except during times of
seasonal rainfall.

The watershed area around Florence is not strongly influenced by spring snowmelt, since the San
Pedro River does not flow through many high altitude areas. Therefore, snowmelt represents a
small fraction of the annual streamflow, whereas warm season rains play a much greater role
(Sellers and Hill, 1974). As a result of these seasonal variations, the Middle Gila River
historically experiences 2 periods of increased discharge, 1 during the winter and another during
late summer to early fall.

The Middle Gila River has undergone several hydrological and ecological changes in the last
century. Vegetation along the Gila River is classified as Sonoran Desert Scrub. Outside of the
Gila River floodplain, the vegetation is characterized by creosote, bursage, palo verde, ironwood,
saguaro, and cholla. Prior to cultivation and upstream water diversion, mesquite, cottonwood and
willow were dominant along the river. However, at the end of the 19th century, tamarisk, an
exotic plant, was introduced to the area and has since become the dominant plant species.
Tamarisk has played an important role in controlling sedimentation along the channel and has
influenced channel flow patterns in some areas (Huckleberry, 1993).

3.3.2 Surface Discharges and Canals

"The nearest USGS stream recording gage to the Florence Project Area is at Ashurst Hayden Dam

(see Figure 3.3-1). Although Gila River diversion data are recorded by the USGS at Ashurst
Hayden Dam, surface flow below the dam is not recorded on a regular basis. The next closest
gaging station on the Gila River is located at Kelvin, Arizona (USGS No. 9474000) (see Figure
3.3-1). Surface flow records were obtained from this USGS gauging station (USGS, 1977 to
1994) and are summarized in this section.

Figure 3.3-2[1II] illustrates annual discharge of the Gila River at Kelvin, Arizona for the 18-year
period from 1977 to 1994. The highest annual discharge was 28,568,331 ac-ft, occurring in
1993. The lowest annual discharge during the period of record was 1,108,489 ac-ft, occurring
in 1990. Years with comparatively high amounts of flow include the periods from 1983 to 1985
and 1992 to 1993. These periods of increased annual flow generally correspond with periods of
increased precipitation as discussed in Section 3.2.

Mean daily discharge rate on a monthly basis for Kelvin is depicted in Figure 3.3-3[I]. The
greatest amount of daily discharge occurs in the months of January and March. The greatest
mean daily discharge during the 18-year period of record from 1977 to 1994 was 52,400 cfs,
which occurred on January 21, 1993. Further discussion of the effects of Gila River surface flow
in the vicinity of the Florence Project Area (Middle Gila) is presented in Section 4.2.3.

Historically, changes in the Gila River channel have been due primarily to flooding. Upstream
diversion and impoundment of water for irrigation, deforestation of riparian communities for
agriculture, and biotically disruptive land-use changes have also been important influences
(Huckleberry, 1993). Survey notes from the U.S. General Land Office in the 1860s describe the
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Middle Gila River channel as a relatively stable, deep single flow channel with well defined
banks, a sandy river-bottom and dense undergrowth (Huckleberry, 1993).

Upstream irrigation development began to impact the streamflow in the Middle Gila River during
the late 1800s. Water was diverted to the Florence Canal beginning in 1886 which resulted in
diminished flow through the river. By 1892 the river began to widen around Florence due to
large flooding events which the banks could not contain. By the turn-of-the-century, the river
around Florence began to exhibit characteristics of a braided channel. It was reported that after
1905 the Middle Gila River channel was wide, straight, and braided, without heavy vegetation
(Huckleberry, 1993). By 1936, as a result of flood control provided by Coolidge Dam, a single
low flow channel had become re-established in the Middle Gila River.

Human activities such as deforestation for agriculture and overgrazing of the riparian community
have resulted in the removal of stabilizing vegetation along the river banks and consequently
contributed to the widening of the Middle Gila River channel. However, construction of
Coolidge Dam and the introduction of tamarisk to the river floodplain have served to counteract
some of man’s activities by respectively reducing the effects of flooding and stabilizing the river
banks.

The Gila River watershed includes the San Pedro River watershed and encompasses an area that
extends as far south as Sonora, Mexico and as far east as New Mexico. East of the Florence
Project Area, the San Pedro River joins the Gila River at Winkelman (see Figure 3.3-1[II]). The
Gila River flows west as a perennial stream through bedrock outcrops near Kelvin and becomes
an ephemeral stream west of Price as the Gila River enters the Eloy sub-basin.

The Gila River flows east to west within the Florence Project Area, and is located approximately
1 mile south of the proposed in-situ mine area. The most important influences upon the
geomorphic and hydrologic conditions of the Middle Gila River has occurred during or as a result
of large flood flows. Their effects far outweigh the influence of human activities on the river.
Downstream from the Ashurst-Hayden Dam (see Figure 3.3-1), the river flows over basin
alluvium where it shifts laterally and adjusts its channel geometry in response to changing
discharge rates and sediment loads. Historically, the Gila River floodplain has been modified
several times by significant flooding events. San Pedro river floods in 1886, 1887, and 1890 had
significant influences on the Middle Gila River geomorphology. Each major discharge resulted
in significant incision and channel widening of the lower San Pedro River, which produced a flux
of sediment to the Middle Gila River (Huckleberry, 1993). Such changes in the
discharge/sediment ratio to the Gila River due to flooding resulted in changes in the stream
pattern.

Surface water canals associated with the Florence Project Area include the following:

o The Central Arizona Project (CAP) Salt-Gila Aqueduct located north of the site
which conveys water from the Colorado River.

° The Florence-Casa Grande Canal located south of the Gila River and the site
which conveys water from the Gila River.
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o The North Side Canal which transects the project area and conveys water from the
Gila River. The North Side Canal flows under the Gila River through a siphon
and westward along the Gila River floodplain where it traverses through the center
of the in-situ mine area.

e The Florence Canal located south of the project area conveys water from the Gila
River. The Florence Canal follows the Florence-Casa Grande Canal south of
Florence, approximately 3 miles southeast of the proposed in-situ mine area, to the
Picacho Reservoir.

. Table 3.3-1 summarizes annual surface water releases from Coolidge Dam to the
Gila River from 1968 through 1994. The majority of this water is diverted into
the Florence-Casa Grande, Florence, and North Side Canals. Annual releases
reported by SCIDD are dependent upon precipitation and customer demands for
a given year. All 3 canals and associated lateral distribution systems are unlined.
Water deliveries are measured using weirs. Average annual water losses in the
irrigation district is estimated to be about 45 percent (ADWR, 1991).

Presently, agricultural and municipal groundwater usage in the region is supplemented by surface
water which is diverted from the Ashurst-Hayden Diversion Dam into the Florence-Casa Grande
Canal. Four miles below the diversion dam, the Gila River is diverted into the North Side Canal
and the Florence Canal. Laterals that connect to the canals transport the water to its place of use
(Beer, 1988).

Water flows continually in the canals with the exception of approximately 1 month per year when
the canals are shut down for cleaning. Table 3.3-2 presents a summary of Gila River diversions
into the 3:canals in the area of the Ashurst-Hayden Dam. This summary is for the years 1968
through 1994 and was compiled from data obtained from SCIDD, 1995 and ADWR (1995). The
mean total annual amount of diverted surface water is 300,173 ac-ft/yr, ranging from 55,516 ac-ft
in 1990 to 474,669 ac-ft in 1980. Of this amount, the majority is diverted into the Florence-Casa
Grande Canal. Of the mean amount (300,173 ac-ft) given in Table 3.3-2, 279,826 ac-ft were
diverted into the Florence-Casa Grande Canal, 9,026 ac-ft were diverted into the Florence Canal,
and 12,035 ac-ft were diverted into the North Side Canal.

The Town of Florence intermittently discharges wastewater effluent to the Gila River channel.
This discharge averages approximately 320 ac-ft/yr between 1987 and 1991 based on ADEQ data.
Treated wastewater effluent is also intermittently discharged to the Gila River channel by the
Town of Florence, which supplies water and sewer services to Florence Gardens (see Sheet 1.2-
1[II]). An average of 170 ac-ft/yr of effluent was discharged between 1987 and 1991, based on
ADEQ records. Conversations with the Florence water company during this investigation (Allen,
1995) indicated that the City of Florence was issued a permit to discharge effluent in 1993 which
is valid for 5 years. Discharge only occurs when effluent cannot be used for irrigation.
Discharge estimates include 77 ac-ft in 1993, no discharge in 1994, and 30 ac-ft in 1995. Long-
term discharge of effluent from these sources is not expected, based on mandates from ADWR
concerning reuse of effluent (ADWR, 1991).
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3.4  STRUCTURAL AND STRATIGRAPHIC SETTING

This section provides a description of the regional geologic setting of the Florence Project Area.
Included are descriptions of the depositional history of the bedrock and basin-fill geologic units,
and an overview and chronology of structural influences. Figure 3.4-1[I1] depicts regional
geologic conditions in central Arizona. Refer to Sheet 1.2-1[II] for an illustration of surface
geological outcrops in the Florence Project Area. The regional cross sections A-A’ (east-west)
and B-B’ (north-south) shown on Sheet 1.2-1[II] are included in this section as Figures 3.4-2[I1]
and 3.4-3[II], respectively.

Two billion years ago, a geosynclinal trough extended northeasterly across the present location
of the North American continent. This early Precambrian crust was formed through alternating
volcanic activity and sedimentation. Three different tectonic assemblages were formed in Arizona
during this time; the Northwest Gneiss Belt (Vishnu Schist), the Central Volcanic Belt (Yavapai
Schist), and the Southeast Schist Belt (Pinal Schist) (Anderson, 1989). These tectonic
assemblages became accreted to the North American craton as a result of the Mazatzal Orogeny;
a compressional deformation event that occurred about 1,670 million years ago (Ma) in central
to southeast Arizona. This event involved thrust and reverse faulting, and large-scale folding
(Anderson, 1989).

The Pinal Schist (1,750-1650 Ma) resulted from metamorphism of oceanic sediments during the
Mazatzal Orogeny, and forms the basement rock of the Florence Project Area. It crops out to

the west-northwest in the Santan Mountains and to the east in the Tortilla Mountains.

The Mazatzal Orogeny was followed by a tectonically quiet period during which erosion was the

- dominant geological process. Around 1,400 Ma, thermal instability in the upper mantle resulted

in deep crustal melting and widespread emplacement of potassium-rich granites into the upper
crust (Anderson, 1989). The Oracle Granite Batholith intruded the Pinal Schist during this time.
The Oracle Granite is locally represented by a quartz monzonite porphyry, and is the host for
mineralization at the proposed in-situ mine area.

The Grand Canyon Disturbance (900-800 Ma), a deformational event similar to the Mazatzal
Orogeny but smaller in magnitude, occurred at the end of the Precambrian Era. This orogeny
resulted in uplifting and tilting of the crust, with extensive intrusion of diabase sills and dikes
(Wilson, 1962). Dikes of this nature intrude the Oracle Granite and Pinal Schist.

As a result of regional stresses that occurred throughout the late Precambrian and into the early
Paleozoic time, east-northeast trending structural lineaments formed in the western continental
crust (Anderson, et. al, 1971). One such structure in southern Arizona is the Ray Lineament,
trending north 70 degrees east and extending approximately 50 miles from the Sacaton Mountains
to the Pinal Mountains. As shown on Figure 3.4-1[I[], the Ray Lineament parallels the Pinal
Schist-Oracle Granite contact (Conoco, 1976). The Ray Lineament trends west-southwest through
the Florence Project Area. At Florence, the lineament intersects a pre-existing Precambrian
diabase dike swarm that strikes north 10 to 30 degrees west (Conoco, 1976). Many east-northeast
trending Laramide age intrusive bodies were emplaced in central Arizona at the intersections of
zones of weakness. After the initial formation of the Ray Lineament and related discontinuities,
a long period of erosion occurred in the Paleozoic era, which produced a peneplain landscape.

magma.flo\final.app\volume.2\section.3\010696\kw 3 -8



-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

Significant orogenic activity did not re-occur in Arizona until the latter part of the Cretaceous
Period. The Laramide Orogeny occurred during Late Cretaceous through Early Tertiary time (80
to 50 Ma). The event involved regional-scale thrust faulting and folding in southern Arizona
(Dickinson, 1989). Reactivation of normal faults produced large northeast-trending vertical block
uplifts associated with the emplacement of scattered plutons in western and southern Arizona
(Anderson and others, 1971). Intrusions, principally of granodiorite and quartz monzonite,
occurred along the Ray Lineament (see Figure 3.4-1[II]) during the Laramide Orogeny.
Hydrothermal mineralization associated with these intrusions resulted in the formation of
porphyry copper ore deposits (Dickinson, 1989). The Florence orebody was formed in this
fashion as the Precambrian Oracle Granite was intruded, and mineralized in association with the
emplacement of a Tertiary granodiorite porphyry. The Ray and Sacaton copper orebodies are
also associated with intrusions of this type during Tertiary time. Following the formation of the
Florence orebody, unmineralized dikes consisting of latite, dacite, andesite, quartz latite, and
basalt intruded the Oracle Granite and the granodiorite.

Continued Laramide orogenic activity produced faulting and uplift, resulting in the erosion of
Paleozoic and Mesozoic sedimentary sequences. This erosion also exposed the Precambrian and
Tertiary intrusive bodies. Oxidation and further erosion occurred on these surfaces, followed by
the accumulation of coarse, clastic sediments derived from the surrounding bedrock terrain. This
depositional sequence ultimately produced a landscape of low relative relief. Precambrian age
outcrops exposed in the surrounding area as a result of the Laramide Orogeny include the Pinal
Schist and the Oracle Granite (Nason and others, 1982). Tertiary-age intrusive rocks exposed
include the Sacaton Stock and granodiorite porphyry (62 £ 1.0 Ma). Most copper mineralization

in the area occurs within the granodiorite porphyry and the Oracle Granite (Conoco, 1976).

An ensuing mid-Tertiary orogeny (32-21 Ma) was a thermal event involving extensive crustal
thinning and widespread, varied volcanism (Dickinson, 1989). Thermal upwelling resulted in the
formation of localized metamorphic core complexes. Associated crustal extension caused low-
angle, gravity-induced faulting. There is little evidence indicating that the mid-Tertiary
extensional event affected the Florence Project Area with low-angle normal faulting. A landscape
of high relief evolved, eventually modified as deposition of fanglomerates and other coarse-
grained clastic sediments occurred in the local basins. These sediments may be correlative to the
Whitetail Conglomerate, which is exposed near the Santan Mountains to the west and in the Ray-
Superior mining districts approximately 30 miles to the east of the Florence Project Area. Within
the proposed in-situ mine area, corehole data indicate that the Whitetail Conglomerate does not
occur over the primary portion of the orebody in the graben, but may exist in the down-dropped
extension of the orebody to the west (Conoco, 1976). Subsequent erosion probably removed most
of the conglomerate, except in grabens (Nason and others, 1982).

As the uplifted topography began to erode, a sedimentary sequence was deposited over the
Precambrian surfaces during the Oligocene through Early Miocene (36 to 17 Ma). These deposits
are composed of deeply weathered bedrock or grus-type deposits, as well as coarse, angular
breccias or gravels. Sediments became finer-grained as the topography matured. The basal
breccia/conglomerate was frequently overlain by finer-grained silts and sands, and locally
interbedded with lava flows or volcanic ash. Alluvial, fluvial, and lacustrine (lake bed and playa)
sediments accumulated during this time in southeast Arizona. Tertiary-age sediments are not
believed to exist in the in-situ mine area because of erosion, subsequent uplift, and faulting. It
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is possible that such sediments are preserved in the deeper portions of the graben to the west of
the proposed in-situ mine area, or in the basin center to the south.

The last major orogenic event to affect the Western United States was the Basin and Range
Orogeny, an extensional event occurring from the early Miocene to the Pleistocene (17-5 Ma).
This tectonic process dissected the crust into a series of blocks bounded by normal faults. Areas
of extended crust exposed metamorphic core complexes. Associated igneous activity included
batholith, stock and dike emplacement, and volcanism (Nason and others, 1982). The Basin and
Range Province, 1 of the 3 physiographic regions of Arizona (refer to Figure 3.2-1[II]), is
characterized by elongated fault-block mountain ranges trending northwest-southeast, separated
by broad alluvial valleys underlain by grabens or half-grabens. The mountains are often tilted,
resulting in the overlying sediments being structurally deformed and eroded. Continuous normal
and en echelon faults in the Basin and Range Province produced offsets up to several thousand
feet (Nations and Stump, 1981). Figure 3.4-4[II] shows central Arizona with contours of the
elevation of crystalline bedrock, and displays the alternating sediment-filled valleys and uplifted
mountains typical of the Basin and Range structural style.

Basin and Range faulting may have resulted in partial to complete erosion of Oligocene to
Miocene sediments. As much as 4,000 feet of basin-fill sedimentary rocks were deposited in
these Tertiary alluvial fan and lake bed environments. Figure 3.4-5[II] illustrates the typical
stratigraphic sequence in the Basin and Range province. This sequence includes the probable
preservation of laté Mesozoic/early Tertiary-age sediments in deeper portions of the grabens.
Figure 3.4-6[11] shows a contoured bedrock surface in the regional area surrounding the Florence

‘Project Area, based on well and corehole log information.

The older sediments are overlain by locally-derived clastic deposits, with finer-grained alluvial
or lacustrine beds accumulating in the basin interiors, especially where internal drainage existed.
Thick evaporite deposits have been identified in some southern Arizona basins (Eberly and
Stanley, 1978). Basalt, andesite, and rhyolite erupted as ash and flow through the Miocene, from
scattered volcanic centers. The cessation of volcanism and faulting in the Pliocene (5 Ma)
prompted the restoration of external drainage, which prevented the further deposition of
evaporites. By early Pleistocene (1.6 Ma), erosion had become the pervasive geological process,
and has continued to dominate through to the present (Nations and Stump, 1981).

Basin and Range faulting and tilting in the Florence Project Area resulted in north-northwest
trending horst and graben structures bounded by normal faults with large displacements to the
west (Nason and others, 1982). Figures 3.4-2[II] and 3.4-3[II] depict east-west and north-south
subsurface cross sections, respectively, and show no bedrock topography in the Florence Project
Area. The Florence orebody occurs on a complex horst block which is bounded on the east and
west by grabens. The Party Line Fault, a major normal fault on the east side of the orebody,
strikes north 35 degrees west and dips 45 to 55 degrees southwest. This fault is reported to have
a vertical displacement of over 1,000 feet (Conoco, 1976, Nason and others, 1982). A series of
en echelon normal faults striking north-south to northwest lie west of the Party Line Fault, which
form a transition to the graben west of the proposed in-situ mine area.
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The Sidewinder Fault occurs near the west side of the in-situ mine area and has a displacement
in excess of 1,200 feet (Conoco, 1976). This fault represents a continuation of a complex of
north-south trending normal faults to the east. The east-west fault system has downdropped the
south end of the horst more than 1,500 feet (Conoco, 1976). Additional en echelon, north to
northwest trending normal faults east of the Sidewinder Fault produce a graben east of the in-situ
mine area, which strikes north to northwest and extends for about 5 miles or more. The
influence of these structural features is addressed on a local scale in Section 4.3.

Post-Basin and Range basin-fill sediments were deposited over the Precambrian bedrock surface
at the Town of Florence. The sediments consist of unconsolidated to moderately well-
consolidated interbedded clay, silt, sand, and gravel in variable proportions and thicknesses.
Basalt flows are interbedded on the west and northwest portions of the in-situ mine area. Total
thickness of basin-fill materials in the vicinity of the property ranges from 300 to over 900 feet,
and exceeds 2,000 feet at a distance of 1.5 miles southwest of the proposed in-situ mine area.
For the purposes of this investigation, the basin-fill deposits in the region are divided into 3 units:
(1) the Upper Basin-fill Unit (UBFU); (2) the Middle Fine-Grained Unit (MFGU); and (3) the
Lower Basin-fill Unit (LBFU). Although perhaps not contiguous, these units likely correlate with
similar units described by Laney and Hahn (1986) in the eastern Salt River Valley to the north.
Figure 3-4.5[11] illustrates composite stratigraphic columns in different areas in southern Arizona
(Eberly and Stanley, 1978).

The LBFU overlies bedrock and occurs beneath the MFGU or UBFU, with the lower, more
consolidated materials forming a conglomerate overlying the bedrock. The conglomerate portion
of the LBFU may- correlate with the Gila Conglomerate and Whitetail Conglomerate described
in the region (Conoco, 1976). The LBFU in the Florence Project Area has been previously
described as Gila Conglomerate by Montgomery (1994) and Conoco (1976). The thickness of
the LBFU in the Florence Project Area ranges from zero near surface bedrock outcrops to
approximately 1,000 feet in the grabens. The average thickness is approximately 300 feet.

In the region surrounding the Florence Project Area, the MFGU is composed of clays, silts, and
sands which are consolidated to various degrees. The MFGU is generally discontinuous in the
vicinity of the proposed in-situ mine area, and varies in thickness up to approximately 50 feet
(Magma, 1995). The composite thickness of the UBFU and MFGU in the surrounding area
ranges from zero near surface bedrock outcrops to greater than 300 feet in the graben to the west
of the mine property, averaging approximately 100 feet.

As determined during this investigation and reported previously by Montgomery (1994), the
UBFU in the vicinity of the proposed in-situ mine area consists of unconsolidated to weakly
bedded clays, silts, sands, and gravels. The various material types are interbedded and occur in
various proportions and thicknesses.

Recent floodplain alluvium occurs along the Gila River and numerous tributary washes in the
Florence Project Area. The alluvium consists chiefly of unconsolidated silt, sand, gravel, and
boulders and overlies the basin sediment. Average width of this unit along the Gila River is
about 2 miles. Downstream from the Ashurst-Hayden Dam, the river flows over recent alluvium
where it shifts laterally and adjusts its channel geometry in response to changing discharge and
sediment load. The thickness of the recent alluvium in the Florence Project Area ranges from
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zero near the bedrock outcrops to approximately 60 feet toward the Gila River, located
approximately 1 mile south.

3.5 SUBSIDENCE AND SEISMICITY

This section presents a discussion of land subsidence potential and seismicity conditions in the
Florence Project Area. Further discussions about these topics, as they relate to surface facility
design, are presented in the geotechnical investigation performed by Terracon Consultants
Western, Inc., of Tucson, Arizona (Volume V, Appendix C).

3.5.1 Subsidence Potential

The potential for ground surface subsidence in the Florence Project Area appears to be related
to 2 distinct processes, as follows:

1. That which may result from groundwater withdrawal, primarily associated with
dewatering of the basin-fill deposits.

2. That which may result from in-situ leaching mineral recovery and the ensuing
increase in bedrock void ratio.

3.5.1.1 Subsidence and Fissuring Due to Groundwater Withdrawal

Evidence of subsidence and earth fissuring in the region has been compiled by several sources
in the last 20 years, the most recent of which is a study by Harris (1995). Land surface
subsidence generally occurs in unconsolidated basin-fill deposits in Central Arizona as the result
of groundwater level declines associated with agricultural pumping. As the basin-fill deposits are
dewatered, a reduction in pore space ensues, resulting in compaction and densification.

Land subsidence has been documented as affecting approximately 1,100 square miles in western
Pinal County (Schuman, 1986). The maximum amount of subsidence generally corresponds to
areas of maximum groundwater withdrawals. In the area near the Towns of Maricopa and
Stanfield, a water level decline of about 450 feet has resulted in approximately 12 feet of land
surface subsidence. Laney and others (1978) report that about 120 square miles in the Eloy and
Stanfield areas subsided more than 7 feet from 1952 to 1977.

Investigations performed by Harris (1995), Laney and others (1978) and Laney and Pankratz
(1987) indicate that subsidence has been negligible in the Florence Project Area. This is largely
due to the predominantly coarse-grained nature of the alluvial deposits in the area which have
limited saturated thicknesses.

No documentation of land subsidence in the immediate in-situ mine area was identified during
this investigation. If groundwater withdrawal overdraft continues in the region, areas
approximately 3 miles south and 5 miles north of the Florence Project Area will be susceptible
to land surface subsidence (Laney and Pankratz, 1987). As discussed in Section 3.6, rising water
table elevations have been detected in the Florence Project Area during the period from the early
1980s to the present. As a result of the current practices and future goals of the Pinal AMA
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(ADWR, 1991), subsidence potential in the Florence Project Area associated with groundwater
withdrawal should be further reduced in the future.

As discussed in Section 3.4, the proposed in-situ mine area is located over a bedrock high which
transitions to a graben structure to the west. This bedrock configuration beneath the western
portion of the orebody in the in-situ mine area could be conducive to basin-fill fissures in the
region if groundwater declines and land subsidence continues. As discussed in Section 3.6,
groundwater declines in the region reported by ADWR (1991) of approximately 5 feet since the
1950s have not occurred in the Florence Project Area. This is likely because of the relatively
shallow depth to bedrock in the proposed in-situ mine area (400 to 1,500 feet bgs), and the lack
of large scale pumping comparable to that in the Maricopa/Stanfield area. In addition, the
composition of basin-fill deposits in the Florence Project Area, primarily coarse-clastic sediments,
are not as conducive to compaction as finer-grained sediments which occur in the
Maricopa/Stanfield area. Based on investigations conducted by Laney and others (1978) the
proposed in-situ mine area is located between outer boundaries of 2 main basin-fill water bearing
units in the region. The lack of subsidence in the Florence Project Area is also reported by
Schumann (1974) and others.

As part of this investigation, an evaluation of the potential effect of mine-related groundwater
withdrawals upon land surface subsidence potential was performed. The estimated net amount
of groundwater expected to be pumped on a yearly basis from the basin-fill deposits within the
10-mile by 10-mile Florence Project Area, and possibly from within the in-situ mine area to
support mining activities is approximately 1,293 ac-ft (Magma, 1995). The amount of
groundwater currently pumped, primarily from basin-fill deposits, in the 10-mile by 10-mile
Florence Project Area, is approximately 13,360 ac-ft (see Section 3.9). Approximately 3,850 ac-

- ft of this amount is associated with irrigation in the proposed in-situ mine area (Magma, 1995).

Anticipated groundwater use within the proposed in-situ mine area over the life of the mine is
approximately 60 percent less than current irrigation use. Assuming the 3 agricultural wells
currently located within the in-situ mine area will be relocated within the 10-mile by 10-mile
area, and will pump similar amounts of groundwater, the resulting groundwater use will increase
approximately 1 percent from 13,360 ac-ft to 14,650 ac-ft) in the Florence Project Area.

Similar calculations performed by the U.S. Bureau of Mines (Ahlness and Triplett, 1994) for the
Santa Cruz in-situ Copper Mining Research Project estimated a 1.2 percent increase in
groundwater withdrawal associated with that proposed operation. Their conclusions indicated that
1.2 percent was statistically moot and would not result in any significant additional surface
subsidence at or near the Santa Cruz Site.

Earth fissures are tension cracks that occur in many Arizona alluvial basins as the result of
differential settlement of basin-fill deposits resulting from groundwater overdraft. Work
performed by Harris (1995) identified several areas with earth fissuring associated with land
subsidence in western Pinal County. The closest area of fissuring to the Florence Project Area
is south and southeast of the Sacaton Mountains east of Signal Peak, approximately 15 miles east
of the proposed in-situ mine area. The area where these fissures are located is part of the
Maricopa-Stanfield sub-basin of the Pinal AMA (see Figure 1.1-2). The formation of these and
other fissures associated with the sub-basin is dependent on the composition of fill in the basin,
which consists of a sequence up to 8,000 feet thick (Oppenheimer, 1980) of unconsolidated
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alluvial and fluvial clay, silt, sand, and gravel (Harris, 1995). Groundwater extraction near the
center of the basin has resulted in groundwater level declines of up to 500 feet since the 1930s.

No evidence of earth fissuring was noted within the proposed in-situ mine area during
reconnaissance investigations. Raymond (1981) evaluated the surface subsidence during studies
for the Central Arizona Project (CAP) canal alignment in Section 15 (T3S, R9E) approximately
8 miles north of the Florence Project Area. Laney and others (1978) do not report any earth
fissuring in the Florence Project Area. The nearest area of documented subsidence is located
several miles south of the Town of Florence, Arizona.

3.5.1.2 Potential for Subsidence Due to In-situ Leaching Operations

Relevant studies of subsidence potential associated with in-situ mining include research performed
by the U.S. Bureau of Mines (Ahlness and Triplett, 1994). These investigations focused
specifically on the "Santa Cruz In-situ Copper Mining Research Project." Results of these studies
indicate that the maximum expected surface subsidence resulting from in-situ mineral recovery
is approximately 0.00045 inches, based on triaxial compression testing performed on unleached
and laboratory leached cores. This amount of surface subsidence is reported to be negligible.

An evaluation of the maximum amount of surface subsidence expected to result from mining
activities at the proposed in-situ mine area was performed during this investigation. The analysis
utilized methods and results presented by Ahlness and Triplett (1994). The following input
parameters were assumed:

Parameter East Area West Area
Average depth to orebody 400 feet bgs 800 feet bgs
Average ore zoné thickness 200 feet bgs 600 feet
Ore grade 0.34 percent total copper 0.34 percent total copper

The above parameters are within the criteria used by Ahlness and Triplett (1994). Thus, the
results performed in association with the Santa Cruz Project can be applied to the Florence
Project Area in a conservative sense. Based on triaxial compression tests, Ahlness and Triplet
(1994) derived a maximum amount of movement at the top of the ore zone of 0.0005 times the
ore zone thickness. Settlement values, based on these assumptions, range from 0.1 to 0.3 inches
over the mine life for the ore zone thicknesses cited above. Although this amount of settlement
is greater than that reported by Ahlness and Triplett (1994), it will likely have no impact on the
project facilities or the surrounding terrain.

3.5.2 Regional Seismicity

Earthquakes in the western United States generally are associated with youthful fault traces and
recently active volcanos. The Florence Project Area is relatively remote from Holocene (most
recently 10,000 years of earth history) and late Pleistocene (approximately 150,000 to 10,000
years ago) fault traces (Pearthree and others, 1983). The Florence Project Area is also relatively
remote from younger volcanic rocks (0-15 MA) (Menges and Pearthree, 1989). The project area
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is characterized by a low level of seismicity during historic time. As noted by Sumner (1976),
seismic sources in Arizona do not correlate directly with the physiographic provinces discussed
in Section 3.2.1.

The boundaries of seismic source zones discussed in this subsection are based on historical
seismicity, age and recurrence of fault displacements, and Quaternary volcanoes. Based on
studies of post-Miocene age landforms, Pearthree and Scarborough (1984) estimated that major
block faulting in this area culminated approximately 3 to 10 million years ago during Miocene
and Pliocene time. Few faults in the region are considered to be active in the engineering sense.
"Active faulting" is defined by Slemmons and McKinney (1977) as a structure that has
experienced surface movement once in the past 35,000 years, or recurring movement during the
past 500,000 years. Known active faults in the region include the Hurricane/Toroweap, Big
Chino, San Andreas and Pitaycachi faults or fault systems. Suspected active faults in the region
include the Santa Rita, Sand Tank and Sugar Loaf faults (Sumner, 1976). The closest active and
suspected active locations to the Florence Project Area are approximately 130 and 45 miles
distant, respectively.

Examination of the Sand Tank fault, located about 45 miles east of the Florence Project Area,
was performed by Demsey and Pearthree (1990). Their work indicated that this fault probably
generated a surface rupture earthquake of magnitude 6.2 to 6.6 between 8,000 and 20,000 years
ago. Their assessment of the Sand Tank fault suggests that the minimum recurrence interval for
surface faulting earthquakes is 50,000 to 200,000 years.

" Historic seismic activity is generally characterized by broadly scattered events of low magnitude.

Earthquake record compilations (Sturgul and Irwin, 1971) indicate that the maximum intensities
in the region are on the order of a Modified Mercalli Intensity (MMI) of VI. The 2 historic
earthquakes with the greatest intensities consist of the following:

° Baptepito, Sonora, Mexico, 1887; Approximately 190 miles from the Florence
Project Area; MMI of VIII-IX near epicenter.

. Calexico, California, 1934, Approximately 250 miles from the Florence Project
Area; MMI of V in Tucson and VI in Phoenix, Arizona.

For the purpose of selecting earthquake design parameters, the Florence Project Area falls into
various categories. According to Sumner (1976), who divides Arizona and surrounding areas into
five zones, the in-situ mine area is located in Zone 5, along with the major metropolitan areas
of Phoenix and Tucson. Zone 5 has the lowest risk of the five categories. The Applied -
Technology Council (ATC, 1981), places Maricopa, Gila, Yavapai and Pinal Counties of Central
Arizona into 2 seismic design zones, which are different than the seismic source zones reported
by Sumner (1976). Zone 1 for effective peak horizontal ground motion, which incorporates a
design seismic coefficient (Aa) of 0.05. Aa is dimensionless, and equivalent to effective peak
horizontal ground acceleration (PGA) as a fraction of the force of gravity. The design value is
considered a non-amplified, free-field peak horizontal acceleration. A PGA of 0.05 is estimated
by Algermissen and others (1982) for recurrence intervals up to 474 years and is the maximum
estimated PGA for known or suspected active faults. Zone 2 for effective peak velocity-related
ground motion, which is characterized by minimal damage from seismic shaking.
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The Florence Project Area borders the Arizona Mountain and Sonoran Zones as defined in a 1992
Arizona Department of Transportation (ADOT) seismic hazard study. The Arizona Mountains
zone is considered to have a maximum earthquake of magnitude 6.5, the threshold magnitude
above which surface faulting would be expected. The U.S. Bureau of Reclamation (1986) in
association with design of the New Waddell Dam, located north of Phoenix, Arizona, considered
a magnitude 6.25 earthquake to be the largest that could occur in the Arizona Mountain zone
without being generated by a known fault.

For the Sonoran zone, the 1992 ADOT study assigned a maximum earthquake magnitude of 6.0.

- The seismic activity associated with the Sonoran zone is significantly lower than the Arizona

Mountains zone, thus earthquakes in the Sonoran zone do not control seismic design parameters
at the Florence Project Area. '

3.6 REGIONAL OCCURRENCE OF GROUNDWATER

The Florence Project Area is located along the northern edge of the Eloy sub-basin of the Pinal
AMA (Wickham and Corkhill, 1989). It is also approximately 2.5 miles south of the southern
edge of the Eastern Salt River Valley (ESRV) sub-basin in the Phoenix AMA (see Figure 1.1-2).
The primary source of groundwater in central Arizona is from the basin-fill units. Within the
vicinity surrounding the proposed in-situ mine area, the LBFU is the principal source of
groundwater withdrawals.

The following discussions summarizing regional groundwater conditions are based on the
evaluation of existing information and data compiled during this investigation. These data are
included in Appendix B of this volume as Tables B-1, B-2, and B-3 (water level information),
and Tables B-4, B-5, and B-6 (well construction information). The most recent measurement of
groundwater levels by Brown and Caldwell and Magma personnel was performed in December
1995. A map of the Florence Project Area depicting water table elevation contours associated
with the November 1995 data is included as Sheet 3.6-1 of this volume.

3.6.1 Description of the Regional Groundwater System

ADWR (1991) has divided the saturated materials within the Pinal AMA into four main
hydrogeologic units. The Upper Alluvial Unit is analogous to the UBFU referenced in this
report. The Middle Silt and Clay Unit is analogous to the MFGU, and separates the upper and
lower basin-fill units. The Lower Conglomerate Unit is analogous to the LBFU referenced in
this report. The Hydrologic Bedrock Unit is similar to the bedrock zones referenced in this
report.

The Upper Alluvial Unit consists mainly of unconsolidated to slightly consolidated, interbedded
gravels, sands and silt, with some finer-grained materials existing as lenses. The lower half to
one-third of this unit is a transition zone containing interbedded coarse and fine alluvial material
typical of the underlying Middle Silt and Clay Unit. The Upper Alluvial Unit forms a significant
aquifer throughout the area, with well yields that have been reported up to 3,000 gpm (ADWR,
1991).
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The Middle Silt and Clay Unit generally separates the upper basin-fill unit from the lower basin-
fill unit. This fine-grained unit is reported to be laterally extensive throughout the basin (ADWR,
1991). Near the margins of the basins in basins within the Pinal AMA, this unit may not be
distinguishable from the overlying or underlying materials. The Middle Silt and Clay Unit is
known for groundwater production in the Eloy sub-basin. The middle alluvial unit has been
intercepted during drilling at the in-situ mine area, and has been identified on off-site water well
logs for wells within the 100-square mile Florence Project Area as the Middle Fine Grained Unit
(MFGU).

The Middle Silt and Clay Unit has been divided into 2 sub-units (Hardt and Chattany, 1965).
The uppermost sub-unit consists of about 90 percent clay with intermittent gravel and sand lenses.
This sub-unit has been described in core and water well logs throughout the Florence Project
Area (Magma, 1995). The lower fine-grained sub-unit is the thickest and is found in deeper areas
of the Eloy Basin where it may exceed 3,000 feet in thickness (Hardt and Chattany, 1965). It
is predominantly an evaporite unit consisting of anhydrite with minor clay and silt. This sub-unit
has been identified to the north and northeast of the proposed mine site, but not within 3 miles
of the proposed in-situ mine area.

Beneath the Middle Silt and Clay Unit is the Lower Alluvial Unit. This unit is also known as
the Lower Conglomerate Unit, as reported by Montgomery (1994) and Conoco (1976). It is the
deepest alluvial unit in the Eloy Basin and was intercepted during current investigation drilling
activities. The lithology of the lower alluvial unit is characterized by semi-consolidated to
consolidated coarse sediments consisting of granite fragments, cobbles, boulders, sands, and
gravels.

The Lower Alluvial Unit locally produces groundwater. In many cases, yields from wells
penetrating the lower basin-fill can exceed -1,000 gpm and can be as large as 2,500 gpm
(Montgomery, 1994). Where the LBFU occurs directly beneath the MFGU, groundwater may
exist under confined or semi-confined conditions. Where the Lower Alluvial Unit is in direct
contact with the Upper Alluvial Unit, groundwater exists under generally unconfined conditions.

The Lower Alluvial Unit rests on fractured and faulted bedrock. The bedrock consists of
Precambrian granite, gneiss, and schist. The bedrock is considered to be impermeable and non
water-bearing compared to the basin-fill units, but is reported to be locally permeable in areas
where it is highly fractured. Many wells completed in the region are screened in the basin-fill
units as well as the bedrock complex (see Tables B-4 and B-5 in Appendix B).

3.6.2 Depth to Water

Figures 3.6-1[I1], 3.6-2[II], and 3.6-3[II] depict regional water table elevations in central Arizona
for the years 1900, 1982 through 1985, and 1991 through 1992, respectively. Data used to create
these illustrations have been previously compiled by others as discussed below. Groundwater
level hydrographs for wells PW-4 and BIA-9, located in the proposed in-situ mine area, are
presented in Figures 3.6-4[I1] and 3.6-5[II], respectively. Hydrographs from these wells serve
to illustrate the general water level trends discussed in this section. A detailed review of ADWR
water level information presented in Appendix B for the Florence Project Area was performed
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as part of this investigation. The results of this review are summarized in Table 3.6-1, and
discussed below, with work performed by others.

Groundwater conditions depicted on Figure 3.6-1[II] for circa 1900 represent pre-development
conditions. Hardt and Chattany (1965) and Montgomery (1994) report that the groundwater
system in western Pinal County was virtually undisturbed prior to 1923. Groundwater elevations
in 1900 across the Florence Project Area ranged from 1,380 to 1,420 feet above mean sea level
(msl), approximately 40 to 50 feet bgs.

Montgomery (1994) reports that groundwater levels in the Florence Project Area declined during
the period from 1923 through 1977 an estimated 150 feet. This is consistent with information
reported by Wickman and Corkhill (1989), Laney and Raymond (1978), and Konieczki and
English (1979). Based on ADWR data, the area surrounding the Florence Project Area has
experienced a long period of decline from the early 1940s to the late 1970s. Measurements from
eight wells listed in Table 3.6-1 indicate a groundwater decline of approximately 95 to 180 feet
during this period. No wells show a water level rise during this period.

The regional decline in groundwater levels discussed above was caused by substantial
groundwater withdrawals and partial elimination of flow in the Gila River. These conditions have
occurred in both the Gila River Valley, and the ESRV, which is located approximately four miles
north of the in-situ mine area. Ninety percent of the groundwater withdrawals (over 73 million
ac-ft in the ESRV alone), were used for irrigation (Laney and others, 1978). The groundwater
withdrawals resulted in aquifer overdraft, with significant water level declines (up to hundreds
of feet) occurring in areas experiencing heavy agricultural use.

- ADWR data indicates that water levels generally rose from the mid 1970s to the mid 1980s.

Groundwater measurements from 12 wells shown in Table 3.6-1 around the Florence Project Area
indicate a general water table rise of approximately 25 to 115 feet during the period from the late
1970s to the mid 1980s. Water levels declined during this period in 2 wells listed in Table 3.6-1,
ranging from 1 to 10 feet. Groundwater conditions for 1982 through 1985 shown in Figure
3.6-2[11] indicate that groundwater elevation ranged from 1,250 to 1,300 feet above msl across
the Florence Project Area. These elevations are approximately 200 feet lower than that measured
in 1900. The reported water level information indicates that declines in groundwater elevation
had stabilized during this period. This behavior is also evident in Figures 3.6-4[11] and 3.6-5[11].

Figures 3.6-4[II] and 3.6-5[I1] and Table 3.6-1 show that during the period from the mid 1980s
to 1991, water levels again generally show stabilization or slight declines. Groundwater
measurements from 12 wells in the Florence Project Area indicate a decline of approximately 2
to 120 feet during this period. Water levels rose from 5 to 30 feet were reported for 3 wells
during this period.

Figure 3.6-3[1I] shows groundwater conditions for 1991 through 1992 derived from Corkhill and
others (1993). Groundwater in proximity to the Florence Project Area occurs at an elevation
ranging from 1,250 to 1,350 feet msl, which is approximately 100 to 200 feet below land surface.
These data indicate that groundwater elevations have stabilized. Montgomery (1994) reports that
the depth to groundwater in the vicinity of the in-situ mine area was about 160 to 170 feet bgs
in March 1993, and about 116 to 140 feet bgs in Spring 1994.
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Rises in water levels are recorded in Table 3.6-1 for 14 wells during the period from 1991 to
1993 range from 2 to 140 feet. One well exhibited a decline in water level during this period
of approximately 45 feet. Groundwater measurements presented in Table 3.6-1 from 1993 to late
1994 generally indicate declining water levels. Groundwater measurements from 10 wells
indicate declines ranging from 2 to 60 feet during this period. Four wells indicate water level
rise ranging from 10 to 60 feet during this period.

The available water level data suggest that during the period between the early 1980s and early
1990s, groundwater level declines have generally stabilized in the Florence Project Area. This
is likely the result of groundwater management practices implemented by the State of Arizona
during this time period to conserve groundwater resources. As reported by Montgomery (1994),
and supported through findings during this investigation, the majority of groundwater level rises
resulted from Gila River floods in the late 1970s, early 1980s and 1993 (see Section 3.3). As
discussed in Section 4.2, a rise in groundwater levels in the Florence Project Area following the
1983 flood ranged from no effect to more than 75 feet in 1983 and 1984 (Konieczki and
Anderson, 1990). Groundwater level rises following the 1993 flood event ranged from less than
10 feet to more than 100 feet in 1992 and 1993 (Montgomery, 1994). Groundwater level rises
attributed to the 1993 flood are likely still occurring. Montgomery (1994) reports that an average
rise of approximately 38 feet has occurred across the site between March 1993 and March 1994.
The effect of Gila River flow on the groundwater system is discussed further in Section 4.2.

Water levels measured during the 1995 investigation ranged from 100 to 150 feet bgs,
significantly higher than those reported in 1993. Water levels measured during this investigation
were substantially affected during periods of groundwater pumping. Sheet 3.6-1[II] shows water

table elevation contours for November 1995 in the Florence Project Area. Shallower contours

shown on: Sheet 3.6-1[II] on the area of the Gila River appear to indicate mounding associated
with recharge from the Gila River. Montgomery (1994) suggests that this is a transient condition
resulting from flooding in February 1993.

3.6.3 Regional Flow Direction and Gradient

As discussed in Section 3.6.1, Hammett (1992) reports that prior to about 1900 the groundwater
system in the Florence Project Area was in approximate dynamic equilibrium. Until
approximately 1923, the amount of water entering the groundwater system was approximately
equal to that extracted, with no appreciable change in storage. During the pre-development time
of equilibrium, (see Figure 3.6-1[II]), the general direction of groundwater flow through the
Florence Project Area was from the east-southeast to the west-northwest, with a gradient of 8 or
9 feet per mile (Hammett, 1992).

Groundwater withdrawals in excess of recharge over time have differentially lowered groundwater
levels in central Arizona. As shown on Figures 3.6-2[II] and 3.6-3[II], the regional flow
direction had changed by the 1980s to a southeast to northwest pattern, toward areas of greatest
groundwater pumping. As discussed in Section 3.3.1, flows in the Gila River have also been
eliminated in all but the wettest years; therefore, infiltration of river water into the upper basin-
fill sediments has also been limited to periods of flooding as discussed in Sections 3.6 and 4.2.
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Effects of water level declines from pre-development conditions included increased gradient.
Sheet 3.6-1[II] shows groundwater elevations for the Florence Project Area derived from data
acquired in November 1995 during this investigation. Groundwater flow is generally to the
northwest at an approximate gradient of 33 feet per mile (ft/mi) in the northern portion of the
Florence Project Area. Montgomery (1994) reports the hydraulic gradient across the proposed
in-situ mine area to range from 25 to 65 ft/mi.

Another effect of lowering the water table has been less saturated thickness and less flow in the
basin-fill. This results in regional flow patterns which are more affected by geologic structures
and rock types in the deeper basin profile. Referring to Sheet 3.6-1[II], groundwater flow
direction in the Florence Project Area is to the west and north, and is significantly influenced by
mounding in the vicinity of the Gila River to the south and pumping to the north of the proposed
in-situ mine area. Groundwater flow in the graben area to the west of the in-situ mine area is
to the north. This result is also reported by E.L. Montgomery (1994). Montgomery (1994) also
calculated a groundwater velocity of 0.75 feet per day in the graben area west of the mine
property. Further discussions of groundwater flow characteristics are presented in Section 4.3.

3.6.4 Aquifer Recharge-Discharge Relationships

As discussed in previous sections, both the basin sediments and the bedrock in the region are
water-bearing and appear to be hydraulically interconnected. While it is apparent that percolation
from the surface can eventually affect all of the water bearing zones, the primary recharge for
each aquifer unit or zone is somewhat unique. With the exception of agricultural runoff,

‘occasional flood flows, and direct precipitation, all of the water entering the Florence Project

Area arrives as subsurface flow through and under the Gila River channel from the east. This

subflow likely originates as surface flow above the Ashurst/Hayden Diversion Dam (see Figure
3.3-1).

The unconsolidated alluvium and UBFU are recharged primarily through subsurface flow from
the Gila River channel, as well as percolation of agricultural water and a small amount of rainfall.
Some recharge also occurs as percolation of surface runoff from the mountains at the basin
perimeter. The LBFU is recharged primarily by subsurface flow originating from the Gila River.
Some recharge occurs through the MFGU that separates 